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Dès ledébutdemesétudesuniversitaires, j'aiétéfascinépar lephénomènede ladouleur.
Qu'ils'agissedecelledespatientsquejetraitaislorsdemon internatenchirurgieenArgentine,ou
de ceux que je tentais d'aider dansma pratique clinique commemédecin généraliste en France.
Depuisvingtans,j'aiconstatéqu'elleasouventété l'élémentquimotivaituneconsultationetaussi
celuiquidonnait le verdictde laqualitédu traitement donné.Que le raisonnement clinique soit




le monde de la direction d'établissements médicoͲsociaux et de l'administration. C'est ainsi que,
chargédemissionauMinistèrede la Santé, j'étaisamenéà travailleravecdes kinésithérapeutes,
ostéopathes,chiropracteursetergothérapeutesafindeparticiperàladescriptiondeleursmétierset
dediversactesqu'ilsréalisentdans leurvieprofessionnelle.C'estàcemomentpassionnantdema
vieque j’approfondis l'étudedes gestes thérapeutiquesde cesprofessionnels,etenparticulier la





Je décidai donc de faire coïncider la fin de ma mission ministérielle avec une nouvelle
carrière,celledechercheur.C'estainsique j'eu lachanced'êtreaccueillidans le"SpineCentre",à
Middelfart,auDanemark.Cethôpitalspécialisédans letraitementet l’étudedumaldedos,réunit
l'ensemble des professionnels concernés par les pathologies le provoquant. Chirurgiens,
rhumatologues, chiropracteurs, kinésithérapeutes, infirmiers, ergothérapeutes, psychologues et
d'autres professionnels se côtoient pour traiter ces problématiques, mais aussi pour faire de la
recherche.De trèsnombreusespublications scientifiques cesdernières annéesproviennentde ce










les chiropracteurs.Ainsi je peux consolidermon projet de continuer à enseigner et à faire de la
recherche,notammentàpartirdestravauxexposésdanscettethèsequisontdestinésàrassembler





















































































































clinique [1Ͳ3]. Elle génère de nombreux problèmes sanitaires et sociaux, en raison de ses
conséquences sur lemondedu travail,notammentpar l'absentéismeet les situations invalidantes
qu'elleengendre[4].Lephénomèneestdetelleimportancequel'OrganisationMondialedelaSanté,
laBanquemondialeet48gouvernementsontdémarréunecampagne internationale,déclarant les
dixpremièresannéesdu21ème sièclecomme ladécenniedes"osetarticulations" (Boneand Joint




L'unedesdifficultésdans laprise en chargede cesdouleurs résidedans le faitque leurs
causes restent dans la majorité des cas inconnues [7]. On utilise souvent des termes tels que
"lombalgienonͲspécifique"ou"cervicalgied'origineindéterminée"pourlesentitéscliniquesdonton
ne connait pas exactement l'étiologie. En France, les cervicalgies, dorsalgies ou lombalgies sont
souvent appelées "communes". Or, dans ces cas, le traitement est souvent assez général et en
conséquence,nonciblé,cequiluienlèvedel'efficacité.
Les traitementsutiliséspource typededouleurs sontextrêmementnombreux.Unauteur
connu, répertorie les traitements existants pour les lombalgies chroniques [8]. Il liste plus de 60
produits pharmaceutiques, une centaine de techniques, incluant la physiothérapie, massage,
programmes d'exercice et thérapies manuelles. La description varie de neuf thérapies
éducationnelles et psychologiques, jusqu'aux thérapies semiͲinvasives (avec des injections) ou
encore, complètement invasives (dans ledomainede la chirurgie).Pouravoir ces traitements, les
patientsconsultentlespluscourammentleschirurgiensorthopédiques,chiropracteurs,ostéopathes,
kinésithérapeutes,rhumatologuesetmédecinsgénéralistes.Dans lecasdes lombalgieschroniques,
les thérapies nonͲpharmacologiques les plus utilisées, en raison de leur efficacité, sont la
psychothérapie cognitiveͲcomportementale, la manipulation vertébrale (MV) et la rééducation
interdisciplinaire[9].Uneenquêteréaliséedansl'Illinois(USA),montrequelespraticiensdepremier
recours prescrivent comme traitement des lombalgies aiguës : des relaxants musculaires (91%),










critiquede la littératuresur laneurophysiologiedesmécanismesd'actionde laMVsur ladouleur.





expérience sensorielleetémotionnelledésagréable, associée àundommage tissulaireprésentou
potentiel, ou décrite en termes d’un tel dommage » [11]. Il en sort de cette définition, que le
phénomène douloureux n'est pas seulement le processus nociceptif. Il est enrichi par d'autres
composants[12],:








Ilestdonc importantdedistinguer lephénomènedenociceptiondeceluide ladouleur.Le












durée, les localisations, les caractéristiques cliniques, les traitements possibles, etc. Ces
classificationsprésententun intérêtpournotrethèse lorsque lesmécanismesdeproductionoude





protecteur. Elle est récente, souvent intense, transitoire et cède assez rapidement. Ellepeut être
provoquéeparunebrulure,coupure,écorchureou toutautrestimulusnociceptifet,danscescas,
elleestditephysiologique.Ellepeutaussiprovenird'unelésioninflammatoire(arthrite,cancer,postͲ
traumatique,etc.),de courtedurée,etelleestqualifiéed'inflammatoire [13].Ellealerte l'individu
d'un danger et l'incite à se protéger. En revanche, la douleur chronique, bien que généralement
moins intense, a souvent des répercussions sur la qualité de vie au quotidien. Il n'y a pas de
consensusdanssadéfinition.L'associationinternationalepourl'étudedeladouleurenproposeune
à partir d'une durée de plus de trois mois [14]. Elle prend en compte également le caractère
inappropriéde cettedouleur, carellepersiste auͲdelàdudélaihabituelde réponse adaptée à sa
cause(parexemple,lacicatrisationaprèsuneblessure)[1].
La distinction entre aigüe/chronique est importante dans notre travail car, auͲdelà des
différencesdedurée,cequinous intéresseest leurmodulationspécifiquepar lesystèmenerveux
central,notammentenraisondesphénomènesdesensibilisationassociésàladouleurchroniquequi
aggraverontlasymptomatologie[15Ͳ21].Cetravailportesurl'étudedel'effetdelaMVsurladouleur
provoquéedemanièreexpérimentale.Nous sommesdonc confrontésàunedouleur typiquement
aiguë et ce sont ces mécanismes de production, de transmission et de modulation qui seront
examinésendétail.Cependant,nousavonsconsidéréimportantderéalisericicettedistinctionentre




La différence dans la vitesse de conduction entre les fibres Aɷ et C (cf. plus bas, chap.






unesensationprécise,aiguë,exquise, transmisepar les fibresAɷ,plusrapidesetquivontgénérer
des réflexesmoteursafind'éviter,ouaumoins,diminuer l'agression [23].Ensuite, ilapparaîtune
douleursourde,maldélimitée,plutôtbrulante,appelée"secondedouleur",transmiseparlesfibresC















Des douleurs peuvent aussi être provoquées expérimentalement. Elles nous intéressent
particulièrement car elles vont nous permettre de formuler les différentes hypothèses sur les
mécanismesd'actionde lamanipulationvertébrale.On trouve,dans la littératurescientifique,des
essais dans lesquels les sujets d'étude reçoivent des injections intramusculaires de chlorure de
sodium hypertonique [28, 29], de la capsaïcine [30], de l'électricité, ou plus fréquemment, une





peuvent communiquer facilement, cequi facilite leur compréhensiondes consignesdonnéeset la
clarificationdeleursréponsesauxquestionsposées,ainsiquel'expressiondeseuilsdouloureux.De






Cependant, même si certains paramètres peuvent être prédéterminés par le protocole
d'essai,ilenrestequel'évaluationdeladouleurn'estpasaisée.Eneffet,elledépendsouventdela
notion de seuil douloureux, qui est défini comme la stimulation minimale capable d’évoquer de
manière fiableun rapportverbaldedouleur [33].Or, il s'agit icid'un jugementdu sujet soumisà
l'expérimentation sur la présence/absence d’une attribution sensorielle qualitative. Ce jugement
pourraitporter surdesaspectsdu stimulusphysiquequine sontpaspertinents, carneétantpas
caractéristiquesd'unedouleurréellemaisdespicotements,sensationdetempérature,pression,etc.
Ilestdoncessentieldedéfiniravec lesujet l’expérienceet laou lesqualitéssur lesquellesdoivent
portercejugement.Quellequesoitlaméthodeutiliséepourdéclencherladouleur,lesstimulations
engendrentsouventdessensationsdetype«préͲdouleur»dansunelargegammed’intensités[34].Il




décritesplushaut.Lesstimuli transmispar les fibresAɷ (premièredouleur) serontperçusplus tôt




"douillets" vont peutͲêtre se priver d'exprimer la douleur, alors que le seuil douloureux est






Ils sont constituéspardes terminaisons libresdesbranchespériphériquesdesaxonesnociceptifs.
Selon la nature des stimuli qui les déclenchent, ils sont classés en récepteurs mécaniques,
thermiques, chimiques, silencieux et polymodales oumixtes [26]. Leur rôle consiste à traduire le





























































 Sensibilise    


Les signaux nociceptifs sont conduits par ces fibres composées d'axones dont le corps
neuronal se trouve dans les ganglions des racines postérieures des nerfs spinaux. Ce sont les
premiersneuronesdesvoiesdelaconductiondeladouleur.Aleurarrivéedanslacornedorsale,les
fibresbifurquentenunebrancheascendanteetuneautredescendante,cequicontribueàformerle
faisceaudorsolatéraldeLissauer[12],pourparcourirdeuxouplus segments spinauxdans les sens
caudaletrostralavantd'enterdans lasubstancegrisede lacornedorsalede lamoelle.Ceciapour
conséquenceunediffusioncentraledel'informationauxétagesmétamériquesadjacentspermettant





bifurcationdans l'interprétationdesactionsde laMVsur l'unouplusieurssegments.C'estdans la
corne postérieure de la substance grise que les neurones sont relayés, essentiellement dans les
lames I et II pour les fibres C et dans les lames I àV pour les fibresAɷ [25] : c'est le deuxième
neurone(deutoneurone)ducircuitdetransmissionalgique,commeillustrédanslaFigure1,issuede




dont les corps cellulaires sont situés dans les
lames I et II. Ils reçoivent exclusivement des
fibresAɷetCetnedéclenchentd’activitéqu'à
partird'uncertainseuildestimulation.
Ͳ Des neurones nociceptifs non
spécifiquessituésauniveaudelalameV.Leur
activité est parallèle à l'intensité de la
stimulation et, à partir d'un certain seuil, le
messagedevientnociceptif.Cesneuronessont
appelés non spécifiques car ils reçoivent conjointement des informations non nociceptives et
nociceptives issues des territoires musculaires, viscéraux et cutanés; c’est le phénomène de
convergenceviscérosomatique.Lephénomènedeconvergenceexplique les sensationsdedouleur
projetée : dans les conditions habituelles, ces neurones sont quasi exclusivement activés par des
stimulations nociceptives cutanées,dans les conditionspathologiques, ils seraient activéspardes
nocicepteurs viscéraux et l’information serait alors interprétée comme provenant des territoires
cutanésquiensonthabituellementà l’origine. (ex : ladouleurangineuseressentieauniveaude la
faceinternedubrasgauche).
À partir de ce relais dans la corne dorsale, s'organisent des circuits réflexes spinaux par
l'intermédiairedechaînesd'interneurones (=neuronesassociatifs intraspinaux)notammentvers la
corne ventrale et les motoneurones des muscles fléchisseurs des membres (d’où les réflexes de
retraiten flexion) ;vers la zone intermédiairevégétativede lamoelle (d’où les réflexesvégétatifs
spinauxàladouleur).
Dans les lames II et III de la corne postérieure de la moelle épinière, connue comme










chimique, lemodedeproduction,de captureetdedestructionde ces substances chimiques sont
essentielsdanslaproduction,latransmissionetlarégulationdeladouleur.Ilsneserontcependant




transmisau troisièmeneurone,vers lesstructuressupraͲspinalesparplusieurs faisceauxdifférents
dont la plupart croise la ligne





dans la Figure 2, copiée de la
page 217 de l'atlas de
neurosciencesdeNetter [41].Le
premier,enrougedans laFigure
2, comprend les neurones
sensitifs reliant les lames I, II, IV
etVdelacornepostérieureavec
le thalamus controlatéral. Les
cellulesreçoiventàceniveaudes
synapses excitatrices et
inhibitrices des neurones de la
substance gélatineuse. Elles ont
un rôle dans la modulation du stimulus nociceptif. Les axones de ce faisceau traversent la ligne
médianedanslacommissureantérieureàtouslesniveauxsegmentaires.Ilscheminentensuitevers
lehautdans lapartieantérolatéralede lamoelle, cequi luidonne lenomutiliséparfoisde "voie
antérolatérale" [40].Le faisceauémergedans letronccérébralentantque lemnisquespinal. Ilest
rejointpar lesafférentstrigéminésvenantde latêteet ilaccompagne le lemnisquemédialvers les
noyaux postérieurs ventraux du thalamus (ventropostérolatéral pour les fibres spinales et










représentée la carte de l'hémicorps controlatéral (homunculus sensitif). L’homunculus n’est pas
proportionnelàlatailleréelledesorganesmaisàlaproportiondesrécepteursdanschaqueorgane.
L'aire somesthésique secondaire (SII) située au pied de SI reçoit les informations nociceptives de
l’aire SI et des noyaux thalamiques. Cette voie transmet les messages thermiques et nociceptifs
rapidesetestresponsabledel'aspectsensoriͲdiscriminatifdelanociception[42].




de façon somatotopique [40]. Il projette sur la substance réticulée à tous les niveaux du tronc
cérébral,surlesnoyauxintraͲlaminairesduthalamus(thalamusnonspécifique)sanssomatotopieet,
directementounonsurl’hypothalamusetlestriatum.Certainesfibresspinoréticulairesseprojettent
sur les couches profondes du colliculus supérieur (voie spinoͲtectale) et la substance grise
périaqueducale.Le faisceau spinoréticulaire,àconduction lente,véhiculeunedouleur sourde,mal
systématisée (sensation non discriminative). Cette voie serait à l'origine de la mise en éveil du
systèmenerveuxcentralpar lesystèmeréticulaireascendant. Ilest lesupportdusignald’alerteet
descomportementsdedéfense.Lasubstanceréticuléeetlethalamusnonspécifiquecomportantde
vastesprojections sur le cortexpréfrontalet les structures limbiques, l’informationnociceptiveva
être largementdiffuséeàdenombreusesrégionscérébrales.Laprojectiondesvoiesnociceptivesà
partir du thalamus non spécifique sur la région préfrontale est classiquement décrite comme
responsable du caractère désagréable de la sensation douloureuse et du contexte affectif qui
l'entoure. Cette projection contribue également à la réponse comportementale en contexte
douloureux.Ladéconnexionfrontaleenlèvel'aspectde"souffrance"deladouleur,sanspourautant
supprimerlasensation(l'aireSIrestantinformée).Laprojectionàpartirdelaformationréticuléesur
lesaires limbiques :cortexorbitoͲfrontal,cingulaireantérieur, insulaireantérieuretsur l'amygdale
temporale, joue un rôle dans l'apprentissage et la mémorisation des sensations nociceptives et
permet un comportement ultérieur adapté à des stimulations potentiellement nocives (réponse












l'origine de modifications végétatives de l'activité cardioͲvasculaire (accélération du pouls,
augmentationdelatensionartérielle),respiratoire(accélérationdelafréquence),mydriase...[42]
Ilexisted'autresfaisceauxconcernésdanslatransmissiondesstimulinociceptifs.Demanière
nonͲexhaustivenous citeronsa) le spinoͲmésencéphalique,qui se terminedans la substancegrise
périaqueducale[43]etdontnoustiendronscomptedansl'analysedecertainstravauxexaminésdans
cette thèse, en raisonde son rôledans lamodulationde ladouleur et b) le spinoͲparabrachiale,
destinéaunoyauparabrachialdupont,dontcertainsneuronesrelaient l’informationà l’amygdale,
cequiparticipeà lacomposanteémotionnellede ladouleur [44,45].Ces faisceaux sont lesvoies
principales,mais ilyenad’autres (ex :spinoamygdalienne,spinotélencéphalique),quiconcernent










libération, au niveau des tissus périphériques
concernés,demoléculesquifacilitent lagenèsede
la douleur. Cette "soupe inflammatoire" [16],
libéréeparlestissusendommagésvainteragiravec
les récepteurs ou les canaux ioniques des fibres
nociceptives et potentialiser mutuellement leurs







àpartirdestimuli inoffensifssur lapeaudansdescirconstancesnormales (allodynie),tellesque le
contact avec les vêtements. Bien évidemment, dans ces conditions, un stimulus nociceptif (une






tant par une augmentation
de l'excitabilité des
neurones de la substance
grise du cordon postérieur
de la moelle épinière, que
par une diminution des
mécanismes inhibiteurs
(voir chapitre suivant). Elle
faitintervenirdifférentsmécanismesquel'onpeutdiviserendeuxcatégoriesselonqu'ilsdépendent










répétés, ils finiront par
produiredeladouleur.En
effet, il existe un
phénomène de
sommationdans le temps (lesstimulise répètentsans laisser le tempsaux fibresnerveusesdese









lorsque plusieurs axones et dendrites déchargent en même temps leurs neurotransmetteurs, en
raisond'unestimulationnociceptivesurunesurfaceétendueducorps.Cessommations,spatialeou
temporelle,créentunphénomènesemblableà lasensibilisation. Ilestproduitpar lesdéchargesde
fibresC,plus lentes,quigénèrent"unbruitdefond",auquels'ajoutent lesstimuliapportéspar les
fibresA.Cesphénomènes sedifférencientde lavraie sensibilisationparcequ'ils sontponctuelset
limitésdansletemps,alorsquecettedernièretendàperdureretc'estunedescaractéristiquesdes
douleurs chroniques [46]. Cela étant, bien que différents, le windͲup peut conduire à la
sensibilisationcentrale[47].
Lesautresformesdesensibilisationcentraledontladuréeexcèdelapériodedestimulation
(l'allodynie, par exemple) impliqueraient une facilitation à long terme des potentiels d'action (du










des réponses secondaires àune stimulationdes fibresdepetit calibre (hyperalgésie) etde grand
calibre(allodynie).Ilsembleraitdoncquel’hyperalgésiesoitlerésultatd’unefacilitationcentraleou
















rétraction du membre agressé), mais aussi viscérales (tachycardie, augmentation de la
température,...),sansavoirnécessairementbesoind'uneinterventiondescentrescérébraux.
Demanière plus spécifique en 1962,Wall etMelzack [25] décrivent la théorie du "gate control"
(appelée en Français théorie du portillon) : l’articulation des premiers neurones de la sensibilité
douloureuse superficielle avec les
deuxièmesneurones,danslacorne
dorsale, se fait par des
interneurones intermédiaires à
fonction inhibitrice. Les fibres
afférentes(AɲetAɴ),plusrapides,
qui transmettent les messages
tactiles qui vont inhiber la
nociception au niveau médullaire,
grâce à la stimulation des
interneurones (cf.Figure6d'après
Netter[41]).
A cet endroit, les influx somatiques nociceptifs et non
nociceptifsconvergentverslesneuronesnonspécifiquesde
la corne dorsale, communicant par l'intermédiaire
d'interneurones inhibiteursqu'ilscontactentpardes fibres
collatérales.Ladifférenceimportantesesitueauniveaude
la nature de la connexion avec ces interneurones:
excitatricedans le casdesgrosses fibresnonnociceptives
(AɲetAɴ),etinhibitricedanslecasdesfibresnociceptives
(Aɲ et C), voir la Figure 7 selon Mc Guill [50]. Cette
distribution forme la "porte" virtuelle qui module le
passage des stimuli nociceptifs. En effet, en situation
normale, les interneurones produisent spontanément des







L'activation des fibres nociceptives par un stimulus douloureux va donc d'une part stimuler le
neurone non spécifique qui projette vers la voie spinothalamique (on dit aussi "neurone de
projection ").D'autrepart,ellevaaussi inhiber l'activité spontanéedes interneurones inhibiteurs,
dépolarisantainsileneuronedeprojectionetaugmentantd'autantpluslaprobabilitéqu'ildéclenche
despotentielsd'action.Cependant, lorsque lesvoiesnonnociceptivessontstimulées (parexemple
en se frottant sur la zone douloureuse), les fibres rapides du toucher excitent le neurone de
projection,etaussidenombreusesconnexionsexcitatricessurlesinterneuronesinhibiteurs,cequi,
lorsque la stimulation tactileest soutenue,produitune fortehyperpolarisation sur leneuronede
projection,diminuantainsidebeaucoupsesprobabilitésd'émettredesinfluxnerveux.
C'est donc le taux relatif de potentiels d'action dans les fibres nociceptives et non
nociceptivesquidétermine ledegréd'ouverturede la "porte"auniveaude lamoelleépinière,et
donc le niveau de nociception qui est transmis. Par ailleurs, des projections d'origine centrale
peuvent également activer ces interneurones inhibiteurs de la moelle et fermer davantage le
portillonauniveausegmentaire.Cette théoriesoutient l'explicationdusoulagementqu'onobtient
en frottantoumassant la zonedouloureuse,ouencore certaines thérapies comme la stimulation
électriquetranscutanéeàbasseintensité(TENSͲTranscutaneousElectricalNerveStimulation).
±Ǧ
CescontrôlesdeladouleurditssupraͲspinauxdescendantss'exercentaussi sur la corne





Lorsqu'on stimuleauniveaudu tronc cérébral certaines zones,onpeut constateruneffet
hypoalgésique.CeszonesselocalisentsurlasubstancegrisepériͲaquéducale(SGPA),ainsiquesurla
régiondubulberachidien,notammentsurlesnoyauxduraphémagnusetgigantoͲcellulaire[40].Ces
zones mésencéphaliques pourraient intervenir successivement. L’activité initiale concernerait la






















dorsalis feraientpartied’un système spinoͲbulboͲspinalà retroactionnégativemisen jeupardes
stimulationsdouloureuses[52].L’originalitédecesystèmerésideessentiellementdanssonmodede
fonctionnement.Ainsiunestimulationnociceptiveseraitàl’originedepuissantseffetsinhibiteursqui
diffuseraient sur la totalitédesneuronesà convergence,hormis ceuxdont les champs récepteurs
sontconcernéspar lastimulationnociceptive.LecortexorbitoͲfrontalsembleconcernéetpourrait






L'hypothalamus pourrait participer dans la régulation de la douleur par une boucle de
rétroaction négative (spinoͲhypothalamoͲspinale) [51]. Enfin, le mécanismes de diminution de la
douleur au niveau thalamique ne sont pas clairement élucidés chez l'homme. L'existence d'un
contrôledetype"portillon"auniveaudunoyauventroͲpostéroͲlatéralexercéparlavoielemniscale,
à l'instardecelledécritepour lacolonnedorsale,pourraitenêtre lemoyen[51].Lerôledunoyau
reticularisqui formeune finecouche cellulaireà lapériphériedu thalamusestégalementévoqué




Le rôledes régionscorticales responsablesdescomposantessensoriellesetémotivesde la
douleur est déjà bien connu [37]. Des techniques de manipulations cognitives, par exemple
l'hypnose, ont fait leurs preuves dans ce domaine [55, 56]. Le rôle du cortex cingulaire dans
l'associationde ladouleuravec leplaisirestégalementconnu [57],maisaussidanssamodulation
aveclasuggestionetleplacebo[58].Acontrario,cesstructurespeuventêtreàl'originededouleurs
psychogènes, décrites dans les somatisations des désordres émotionnels [59], hypocondries,
dépressions[60],ouencore,danslesétatsdestressposttraumatique[61].Ilestclairqueladouleur












et notamment dans le cas des douleurs d'origine musculoͲsquelettique, il en existe une qui a




La MV comprend des gestes thérapeutiques réalisés manuellement destinés à étirer,
mobiliser etmanier les articulations de la colonne vertébrale ainsi que les tissus paraͲvertébraux
dans lebutdesoulager ladouleuret/ouremédierauxdysfonctionnementsde larégiontraitée.La
MVdéplaceunearticulationauͲdelàdesalimitefonctionnelle,grâceàunmouvementforcé,rapide,
mais de faible amplitude (high velocity low amplitude ͲHVLA) [63]. Elle produit donc des
déformationstemporairesdesstructuresvertébralesetparaͲvertébrales[64Ͳ66].Ilaclairementété
établiqu'elledépassel'amplitudephysiologiquedumouvementarticulaire,sanstoutefois,atteindre




mouvementplus lentetdoncde longuedurée. L'articulation restedans les limitesphysiologiques
[69,70]dumouvementet leson
de cavitation est généralement
absent (Figures9et10,extraites
des pages 100 et 103 de
"Chiropractic profession" [71]).
Dans la pratique clinique, cette
distinction entre MV et
mobilisation est souvent réalisée
[72], bien que certaines études
affirment avoir des résultats
similaires, en ce qui concerne












variété d'entités regroupées sous ce nom. Si l'exécution de ces mouvements manuels sur les
différentstissusmous(lapeau,les
muscles, les tendons et les
ligaments) reste, au moins en
apparence, similaire, l'intention
du masseur n'est pas toujours la
même. Et c'est cette différence
d'intentiondumasseurquijustifie




aux galets chauds, balinais,
cachemirien, californien, coréen,
hawaïen, naturiste, érotique, suédois, sportif, des points déclencheurs, chinois, thailandais,
relâchementmyofascial, traitementneuroͲmusculaire,Watsu,etc. Iln'estpasquestiondans cette
thèsed'entrerdanslesdifférencesentrecestechniques.Nousnouslimiteronsàprendreencompte
le toucher/friction des tissus mous sans mise en tension articulaire, ni étirement ligamentaire.
Lorsquecertainestechniquesdemassagesontétéutiliséesdanslestravauxprésentésplusloin,soit
comme moyen thérapeutique, soit comme placebo, elles sont décrites dans les essais
correspondants.
 L'utilisationdelaMVdanslapratiqueclinique
Laréglementationde laplupartdespaysoctroiauxmédecins lapossibilitéd'intégrer laMV




En effet, les chiropracteurs, partant d'une notion de "nerf coincé" ("pinched nerve") deDavidD.
Palmer [75], ont développé une approche plus biomécanique. Les ostéopathes, s'inspirant de la
théorie d'Andrew Taylor Still sur la circulation du sang et des fluides dans le corps [76], ont
















passive lenteprovoquantunétirementprécisportantuniquementsur l’articulationà traiter,grâce
auxprisesdecontactsur l’articulationetsurunepartiepluséloignéeducorps.Ladeuxièmephase
consisteenune impulsion rapide (« thrust=pulsewith sudden impulse»)etde faibleamplitude
directementàl’undesdeuxconstituantsdel’articulation.Laforcemiseenœuvreaucoursdecette
manipulationdirectepeutêtredécriteparunvecteurindiquantlesens,ladirectionetl'amplitudede
l’impulsion délivrée au point de contact. Ce type de manipulation a l'avantage de cibler une
articulationprécise,cequipermetson indicationdanscertainesrégionsde lacolonne, lorsqu'ilest
nécessaired'épargnerd'autresvertèbres.Parexemple,unecontreͲindicationlocalecommepourrait
l'être lahernied'undisque intervertébral,n'empêchepas laréalisationd'uneMVàd'autresétages
vertébraux,grâceaufaitquetechniquelescible.
ͲLamanipulation indirecte,diteà longbrasde levier.Elleseraitdavantageutiliséepar les
ostéopathes. Elle consiste en lamise enœuvre d’une force provoquant un étirement rapide des
tissusdel’articulationvisée,faisantsuiteàunemiseentensionexercéeentredeuxpointsouparties
ducorpsplusoumoinséloignésentreeuxetsanscontactdirectsurl’articulationvisée.Parexemple,
onpeutappuyer sur lebassin touten tirant surunbrasa find'étirer les tissuspériͲarticulaireset














levier, l’objectif étant la meilleure maîtrise possible de la force mise en œuvre. Ils réalisent
également: des tractions de la colonne, de la flexion/distraction (Cox) [79], et bien d'autres
techniques. Les ostéopathes ont également développé leurs techniques telles que les étirements




clinique s'établit souvent àpartird'un raisonnement autourde l'absencede contreͲindication. En
France, les textes qui réglementent cette pratique pour les chiropracteurs [84] et pour les
ostéopathes[85]exigentunavisdelaHauteAutoritédeSantéconcernantcescontreͲindications.Il
s'agitdoncd'un raisonnementàpartirde lasécuritédespatientsetnonàpartirde l'efficacitédu
traitement.
Deplus, lescontreͲindicationsde laMVapparaissent souventdans les livresde formation
initialedesprofessionnelsquil'utilisent.Ellesfontréférenceàtoutcequipourraitaggraverl'étatdu
patientouprovoquerdeseffets secondaires telsque fractures,dislocations,aggravationd'unétat
inflammatoireousurvenuedephénomènesvasculaires(spasmesourupturedevaisseaux).
Il existe également des nonͲindications résultant du sens commun. Aucun professionnel
sérieux n'indiquerait une MV à une personne atteinte de coronaropathie, de colique rénale ou
biliaireoud'unequelconquepathologie tumorale,quidoiventêtre traitésautrement.Cependant,
certainesétudes [86],àpartirde certainesaffirmations infondéesdesprofessionnels, cherchentà
démontreruneffetdelaMVsurlesystèmenerveuxautonomequipourraitêtreutilisé,parexemple
dans les douleurs coliques d'origine viscérale. Ces études, mais surtout, la croyance de certains
professionnels sur son action systémique, holistique, pousse certains d'entre eux à formuler des
théories sur l'effetde cet acte auniveaudu système immunitaire,dubienêtre etde la santé en
général[63,87,88].
Enfin,ils'avèrequelalittératurerapporteessentiellementleseffetsdelaMVsurlesystème
neuroͲmusculoͲsquelettique.Eneffet, la rechercheautourde laMVaaugmenté significativement
ces vingt dernières années, ce qui se traduit par de nombreuses revues systématiques de la
littérature[89Ͳ91].Ellesregroupentplusieursessaiscliniquesetconstituentlesbasespourdesguides









Un rapport britannique [94] publie en 2010 un travail de recensement de revues
systématiquesdelalittératuresurlaMVeteffectueunedoubleanalyse,tantsurleniveaudepreuve
que sur sonefficacité. Ilconclutquecette techniqueestefficacechez l'adultepour les lombalgies
aiguësetchroniques;lesmigrainesetcéphaléescervicogéniques;lesvertigescervicogéniques;ainsi
queplusieursaffectionsarticulairesdesextrémitésetdescervicalgies.Parcontre,seloncerapport,il
n'yapasassezdepreuvespourconclure sur l'effetde laMV sur lesdorsalgies, les sciatalgies, les
céphaléesde tension, les coccygodynies, les troubles temporoͲmandibulaires, la fibromyalgieet le
syndromeprémenstruel.Enfin,lalittératureattestequelaMVn'estpasefficace,sionlacompareà
desgroupestémoins,surl'asthme,l'hypertensionartérielle,lesotitesetl'énurésiechezl'enfant.




La question de la dangerosité de la méthode thérapeutique est clairement posée depuis





existe cependant des complications graves rapportées, telles que la dissection artérielle, la
myélopathie, laprotrusiondudisquevertébralet l'hématomeépidural.Lescomplicationsmortelles








ce typede lésions lorsd'un simplemassagecervical [110],cequipermetde confirmer l'existence
d'un risque permanent quelle que soit la méthode thérapeutique choisie, sans ajouter de risque





adverses [111], les bénéfices que laMV apporte, et la très haute satisfactionmanifestée par les
patients [112], elle devient l'un des traitements de première intention dans le traitement des
radiculopathies[113].
 Comparaisondel'efficacitédelaMVavecd’autresméthodes
La comparaison directe entre les différents traitements des troubles neuroͲmusculoͲ
squelettiques, et notamment de la douleur n'est pas très fréquente. Une revue de la littérature
regroupe12étudescliniquescomparantlamanipulationetlaphysiothérapiedansletraitementdes
céphalées de tension [114]. Elle conclut qu'il n'y a pas de preuves suffisantes pour évaluer la
différenceentrecesdeuxapprochesthérapeutiques.
Les résultatssontaussidécevantssi l'oncompare l'efficacitéde lamanipulationvertébrale
avecd'autres traitementsdemanière globale, c'estͲàͲdire sans identifier la typologiedespatients
traités. Ilssont leplussouventconfusetnepermettentpasdetirerdeconclusion,quelquesoit le
traitementévalué.Lesexemples sontnombreux,mais la littératureestparticulièrementprolifique
dans le domaine des lombalgies [9, 97, 115, 116]. Cependant, une métaͲanalyse datant de 2012




Si l'on affine le profil de patient ou si on limite l'approche thérapeutique à comparer, la





Cependant, lacomparaisondesdifférentstraitementsnese faitpasuniquementsur leurefficacité
mais aussi sur leurs complications. C'est pourquoi il semble pertinent de comparer les effets
secondaires des traitements proposés comme alternative à la MV. Ainsi, les hémorragies gastroͲ
intestinales produites par les antiͲinflammatoires nonͲstéroïdiens ont été la source de plusieurs
revuesdelalittérature[122][123][124][125][126],latoxicitéduparacétamolaégalementétémise
en évidence [127], les problèmes cardiovasculaires liées au Coxib [128], ainsi que son action
destructricesurlecerveau[129]ontégalementétéprouvés.Faceauxconséquencespotentiellement

















































Onpeutconstater ladiversitéd'approches, leurrichesse,voire leurdivergence.Cependant,
de nos jours, deux théories principales recueillent une attention particulière et font l'objet de
publicationsscientifiquesdeplusenplusprolixes.
Lesthéoriesactuellessurlesmécanismesd'actiondelamanipulationvertébrale
Il n'existe à ce jour aucun mode d'action partagé massivement par l'ensemble de la
communauté scientifique. Cependant, son utilisation répandue et le nombre croissant de
publicationssurseseffetsontpermisdeconduireuncertainnombred'observationscliniquesetde











De même, les changements mécaniques et chimiques (inflammatoires) produits par une
herniedudisqueintervertébralpeuventaffecterlesfibressensitivesdesnerfsspinaux.Maisiln'ya
pas de preuve que la MV agisse directement sur ces changements, bien qu'elle soit responsable
d'uneaméliorationcliniqueévidente(cf.plusbas)[68,131]etd'uneactiondirectementmesurable
surl'activitémusculaire[132].
A partir de ces constats, deux approches théoriques se dessinent: certains cliniciens
proposent des mécanismes d'actions neurobiologiques avec une action directe sur le système




sensitives des nerfs spinaux [130]. Cette action pourrait avoir un effet direct sur la douleur, les
réflexes et l'intégration des stimuli. Elle pourrait agir au niveau central ou locorégional. Dans le
premier cas, la MV pourrait justifier l'altération de l'intégration sensorimotrice décrite dans la
littérature[133].EllepourraitagirsurladouleureninhibantlasensibilisationdecelleͲci,produitepar
lasommedestimulidansletemps(TemporalSensorySummationͲTSS)[134].CephénomènedeTSS
recrute les impulsionsdouloureusesetestresponsabledeshyperalgésies (sensibilitéexcessiveà la
douleur) et des allodynies (on ressent de la douleur à partir d'un stimulus non douloureux).
Hyperalgésie et allodynie sont des composantes importantes lors des syndromes douloureux
chroniques,notammentleslombalgies[20],d'oùl'importancedel'effetpossibledelaMV.Bienque
ces deux phénomènes n'aient pas nécessairement les mêmes mécanismes de production, la
littératureexistante,dans lamesureoùelle reste spéculative,n'apportepasdedifférenceprécise
dans leur mode de réduction. La MV pourrait aussi diminuer l'intégration au niveau central des





produiraient sur le système nerveux, au niveau locorégional. Elle aurait une action sur la corne
postérieure de la substance grise de la moelle épinière [137], plus précisément, diminuant les
phénomènesdesommationtemporelleetdesensibilisation[138,139].
Les mouvements entre les segments vertébraux amplifieraient les réactions normales





muscles para vertébraux en altérant l'excitabilité des motoneurones [135, 141], et les réflexes
spinaux [142]. La MV modifierait la température cutanée paraͲspinale [143] et l'activité électroͲ
myographique des muscles para spinaux [144]. Enfin, Bialosky propose un modèle détaillé des
mécanismesd'actionde laMVsur ladouleurd'originemusculoͲsquelettique [145]présentantune
cascade de réponses neurophysiologiques des systèmes nerveux central et périphériques,
responsablesdesrésultatscliniques.̵±
Nous avons vuplushautque laMVproduitdesdéformations temporairesdes structures
vertébralesetparaͲvertébralesenmobilisant lesarticulationsauͲdelàdeses limitesphysiologiques.
Pourmieuxcomprendre l'influencequecetteactionpourraitavoirsur lemouvementde lacolonne
vertébrale,nousallonsfaireuntrèsbrefrappeldecemouvementetdeseslimitations.
Lemouvementdelacolonnevertébrale
Les mouvements physiologiques de la colonne vertébrale sont la flexion, l'extension,
l'inclinaison latéraleet larotation(torsion).L'inclinaisonversuncotéou l'autre,estappeléeflexion
latérale;leretouràlapositionérigéeàpartirdelaflexionlatéraleestappeléeextensionlatérale.Ils
sontproduitspar lesmusclesparavertébraux,maisaussipard'autresmusclesdistants telsque les
abdominaux, intercostaux, sternocléidomastoïdiens, les spinaux, le grand dorsal, le trapèze, les
grandsfessiers,lesischiosͲjambiers,entreautres.
Cesmouvementspossèdentuneamplitudequiestdélimitéeparplusieurséléments:x L'élasticité,l'épaisseuretlacompressibilitédesdisquesintervertébraux.x Laformeetl'orientationdesarticulationszygapophysaires.x Latensiondescapsulesarticulairesdesarticulationszygapophysaires.x Larésistancedesmusclesetdesligamentsdudos(telsquelesligamentsjaunesetle
ligamentlongitudinalpostérieur).x L'attacheàlacagethoracique(côtes).x Lamassedestissusenvironnants.
Hormis lespremièresvertèbrescervicales, lemouvementneseproduit jamaisdansunseul
segmentdelacolonne.Ilestplurisegmentaireetcomplexe.Ilestvraiquelesmouvementsentredes
vertèbres adjacentes sont relativement petits, spécialement au niveau de la cage thoracique,
cependant l'addition de tous les petits mouvements produit un mouvement d'une amplitude






Par ailleurs, la liberté de mouvement de la colonne vertébrale est plus grande dans les
régionscervicaleetlombairequedanslesautresrégions.Laflexion,l'extension,laflexionlatéraleet
larotationsontparticulièrementlibresdanscesrégionsenraisondelahauteurrelativedesdisques
(par rapport aux autres régions), des surfaces articulaires plus grandes, d'interlignes presque
horizontales,descapsulesarticulairesplus lâchesetde lamoindrequantitédetissusmousducou
parrapportauthoraxouàl’abdomen.Quantàlarégionlombaire,lesinterlignesarticulairesorientés
dans des plans sagittaux sont favorables aux mouvements de flexion et surtout d'extension. En
revanche,larotationestlimitéeparlabutéedesprocessusarticulaires.
Altérationsdumouvement
L'état des structures osseuses, articulaires et paraͲarticulaires va évoluer selon un certain
nombre de facteurs qui varient énormément d'un individu à un autre. Ainsi, les mouvements
répétitifs anormaux (par ex: raisons professionnelles) pourraient conduire à une détérioration du
disque intervertébral.Enparticulier, les lamellesde l’anneaufibreuxrisquentdesedistendreoude
secraqueler.Ilenestdemêmepourdesposturesanormalesdansladurée(positionassise),oubien
forcées (torsions, hypertensions) qui altèreraient des structures vertébrales. Ces phénomènes
seraient accentués ou retardés selon la constitution physique de l'individu, son patrimoine
génétique, sa situation socioprofessionnelleet seshabitudeshygiénicoͲdiététiques. L'ensemblede
cesfacteurs,pourraientconduireàdessituationspathologiques,maisaussiàunedétériorationqui
entraînelalimitationdesmouvementsdelacolonnevertébrale.
Afinde comprendre le rôlede laMV sur la santé, il convientd'observer soneffet sur les
articulationset les structurespériarticulaires tellesque lesmuscles,aponévroses, récepteurspéri






du muscle multifidus, que la MV pourrait modifier la fonction de ce muscle diminuant ainsi la
symptomatologie[148].EllediminueraitlesraideursdesmusclesparaͲvertébraux[149].
Enfin, ilaétédémontréque lorsque lessegments sonthypomobiles,desadhésions intraͲ










Nous avons vu qu'un certain nombre de théories sur lesmécanismes d'action partent du
postulatque ladouleurestproduiteparunmouvementanormaldesvertèbresetdestissusqui les
entourent. C'est également le cas dans les concepts anciens de l'histoire de la chiropraxie, (le
concept de la "vertèbre déplacée comprimant le nerf" de D.D. Palmer) [151], mais même
actuellement, il est admis dans la pratique clinique que l'anormalité dumouvement peut être la
source de la douleur et des dysfonctionnements. Certains affirment pouvoir détecter ces
mouvements anormaux, grâce à différents tests et autres techniques diagnostiques, cherchant la
sensationdetensionoudeduretéà lapalpationdestissusparaͲvertébraux.Lavaliditédecestests
n'a jamaisétédémontrée, leurreproductibiliténonplus.Aucontraire,uncertainnombred'études
tendent à démontrer l'absence de fiabilité de ces tests [152, 153]. Selon cette approche
biomécanique,lamanipulationvertébraleréduiraitdonccettetensionafinderétablirlemouvement
normal. La thérapeutique aurait pour but de corriger ces mouvements, diminuant la douleur de
manière indirecte.Ditautrement, l'utilisationde laMVs'est focalisée,aucoursde l'histoire,sur la
positionetlemouvementdelacolonnevertébrale,considérantladiminutiondeladouleurcomme
unphénomènesecondaire.
Cependant, lorsque nous approfondissons la recherche de la littérature scientifique, nous
sommesviteconfrontésàunmanquedeconnaissancesur lesujet.Pireencore, lesarticlestrouvés

















examiner l'effetdirectde laMVsur ladouleur,sans tenircomptedesoneffetsur lemouvement.
CetteapprocherarechezlesprofessionnelsquiutilisentlaMV,pourraitêtrepertinentepourétudier
les deux concepts, c'estͲàͲdire, son effet direct sur le mouvement et sur la douleur. Il n'y a pas
d'étudesinvestiguantsiunmouvementamélioréréduitladouleur.Ilparaîtdoncopportund'étudier
silaMVréduitladouleuretaussisielleaméliorelemouvement.







Nous avons commencé la recherche en réalisant une première revue systématique et
critiquedelalittérature[154].LesbasesdedonnéesconsultéesfurentPubMed,MantisetCochrane








Lesarticlesàétudierfurentsélectionnésàpartirdescritèressuivants:x Année:sansrestriction.x Langue:toutesx Douleur:elledevaitêtrenécessairementexpérimentale.Iln'yacependantpasdelimiteen













Nousavonsécartétouslesarticlesquiprésentaient:x Douleur chronique,définie commedurantdepuisplusd'unan,en raisondesmécanismes
particuliers inhérentsàcetteentité,telsque lesphénomènesdesensibilisationquirendent
l'interprétationdesrésultatsplusconfuse[155,156].x Pathologies clairement définies, telles que l'ostéoarthrite, l'hernie discale, la douleur
neurogénique, lesneuropathies,etc,car leurssymptômessontsusceptiblesdemodifier les
résultatsdesexpérimentations[39].x Traitementsassociés,médicaments,kinésithérapie,cariln'auraitpasétépossibledesavoirsi
l'effetobservéétaitproduitparcetraitementouparlaMV.x Etudesquiévaluaientseulement lemouvementou la tensiondesmuscles,car lebutde la
revueétaitd'évaluerl'effetdelaMVsurladouleur.x Revuesdelalittérature.x Etudedecas.
c) Lasélectiondesarticles
La recherche a été réalisée sur les bases précitées, à partir de titres et résumés publiés,
même s'il a été démontré que cette méthode n'est pas particulièrement plus efficace que la
recherche limitéeaux seuls titres [157].Unedeuxième rechercheesteffectuée sur les références
citéesdans lesarticlessélectionnés.Ensuite,demanièreséparéeetenaveugle,nousavonsextrait
les données dans les listes descriptives et qualitatives présentées ciͲdessous. Les listes furent
comparéespourdiminuer le risqued'erreursd'extractiondedonnées.En casdedésaccord sur le
contenudes listes, ilétaitprévud'adresser lesarticleset les listesàuncollèguepourarbitrage.La
recherche futétendueà tous lesarticlesparuspendantceprocessus,etce jusqu'au31décembre
2011.
Un tableau descriptif a donc été construit regroupant tous les articles par ordre




Ce deuxième tableau a été construit en vue d’une évaluation qualitative des expériences
publiées,ainsiquelerisquedebiaisdansl'analyseetinterprétationdesdonnées.Ilestbasésurdes
concepts présentés dans la déclaration PRISMA [158], sur les revues de la littérature et méta





Cochrane [160]. Cependant, compte tenu de la spécificité du sujet, il fut nécessaire d'adapter ce
travail en ajoutant des critères spécifiques aux articles sélectionnés. Ainsi, la liste de critères
finalementidentifiéspourjugerdelaqualitédesarticlesestlasuivante:
Parrapportauxsujetsd'étude
1. Les sujets étaientͲils impartiaux? Il s'agit ici de s'assurer que les sujets n'étaient pas
influencés ou qu'ils n'avaient pas d'attente sur l’effet de laMV. Pour ce faire, il semblait
importantqu'ilssoientaveuglessur lanaturede l'expérience,qu'ilssoientneutresounaïfs
visͲàͲvisdusujetetqu'ilsn'aientpasd'intérêtparticuliersurletravailréalisé.
2. Y avaitͲil une évaluation des caractéristiques psychologiques des sujets, susceptibles
d'influencerlaperceptiondeladouleur?Eneffet,lesrésultatspourraientêtreinfluencéspar
l'attente du stimulus douloureux, mais aussi des phénomènes d'anxiété, d’angoisse, de
peur...
 LadistributiondessujetsdanslesgroupesàétudierfutͲellerandomisée?Lapertinencedela




4. La manipulation vertébrale aͲtͲelle été décrite avec des détails suffisants, de manière à
pouvoirêtrerépliquée?


































Chaque article fut confronté à la liste des critères de qualité. Par consensus, nous avons
décidé de donner un point à chaque critère, sauf pour quatre d'entre eux, auxquels nous avons
accordé une importance particulière: aͲ impartialité des sujets (item 1), bͲ randomisation de la
distribution(item3),cͲévaluationenaveugle(item9)etdͲrestitutiondespertes(item11).Chacun
decesquatreitemsaéténotéavecdeuxpointslorsquel'expériencerépondaitàcescritères.
Un score final a donc été dressé, mais nous n'avons pas décidé de limite en dessous de
laquelle les articles devaient être refusés. Ceci nous a permis d'utiliser les scores de qualité et
l'informationcommeunrepèrepourconsidérersilesarticles(etleursrésultats)devraientêtreplus




des critères de qualité, avec un total de 18 points.Nous avons fixé un seuil de bonne/mauvaise




























a) Lescritèresd'inclusionx Langues:Anglais,Français,Espagnol,Danois,SuédoisetNorvégien.x Manipulationvertébraleàtoutniveausurlacolonnevertébrale.x Humainsouanimaux.x Lesétudesdevaientcompteraumoinsungroupetémoin.x L'amplitudedemouvementdevaitêtremesurée.x L'effetimmédiatdelaMVsurl'amplitudedemouvementdevaitêtreexaminé.Eneffet,cette
revuen'apasprisenconsidérationleseffetssurlemoyenetlongtermedelaMV,enraison
durisquedeconfusionavecd'autreseffets.
b) Lescritèresd'exclusionx Etudes sur des sujets avec pathologies, pour les raisons évoquées dans la revue sur la
douleur.x Ilenestdemêmesurlacombinaisondetraitementsx Revuesdelalittérature.x Etudedecas.
c) L'extractiondesdonnées
Sur lamêmeméthodologie décrite plus haut, deux auteurs ont rempli la liste descriptive















2. Si l'essaiétaitréalisésurdespersonnesdeplusde45ans, ladistributiondesâgesdans les
différentsgroupesde traitementoutémoindevaitêtresimilaire,afindenepaspolluer les
interprétations car la dégénération de la colonne vertébrale inhérente à l'âge diminue





4. Les éventuels "faux" traitements, devaient être crédibles pour réduire le risque
d'expectativesnégativesdelapartdessujets.
5. Les conditions physiques, telles que la température de la salle, l'heure, le temps
d'échauffement,devaientêtresimilairespourtouslesgroupesetconstantsavantetaprèsla
MV,carellespourraientavoiruneffetsurlemouvementdelacolonnevertébrale[164].












11.Les pertes et exclusions devaient être rapportées pour minimiser le risque d'extraction
sélectivedesdonnées.











aveugleparMMillanetCLeboeufͲYde.Unpoint futattribuéàchaque itemqualitatif s'ilétaiten
conformitéavec lescritèresquenousavionsdéfinisplushaut.Sicen'étaitpas lecas,nousavons
marquéun“no”;sil'articleneprécisaitpaslepointexploré,nousavonsmarqué”?"etnousn'avons
pas donné de point. Cependant, si l'item n'était pas applicable à l'essai, nous l'avons précisé par







lequel la MV était réalisée et selon l'amplitude de mouvement explorée: 1Ͳ MV et amplitude
cervicale,2ͲMVetamplitudelombaire,3ͲMVcervicaleetamplituded'ouverturedelaboucheet4Ͳ
MVsacroͲiliaqueetamplitudedemouvementdelahanche.Lestableauxfurentremplisdemanière












Apartird'unprocessusde sélectionque le lecteurpourra trouverendétaildans la revue
publiée [154] (cf. annexe), y compris avec les résultats intermédiaires,nous avons sélectionné22
articlesenanglaisdécrivant43expériences:27avecuneproductiondedouleurexpérimentalepar
pression,9par température,3parapplicationdecapsaïcine,2ontévalué ladouleurspontanée,1
réalisaitdesétirementspourproduire ladouleuret1généraitde ladouleurà l’aided'électricité.
Nous avons choisi de renvoyer le lecteur à ce document [154] en annexe pour les informations
détaillées.L'objectifestderendrelalecturedecettethèseplusagréable,enapportantseulementles
informations essentielles, malgré les éventuels allers/retours vers nos publications. Le lecteur
trouveradansleTableau1delarevuepubliée[154]unrésumédesélémentsdécrivantcesarticles.
Troiséquipesdechercheursontpublié13des22articles.Cependant,ilnesemblepasqu'ils
aient utilisé les mêmes sujets d'étude pour leurs travaux. Dans la plupart des cas (n=18) les
expériencesontétéconduitesdansdescentresuniversitaires.Lenombredesujetsutilisésdans les
expériences variaitde 10 à 122. Six articlesontutilisédespatients comme sujetd'étude en leur
déclenchant une douleur. Les autres études ont recruté des sujets volontaires sains, souvent
étudiants.Nousn'avonspastrouvéd'étudesurdesanimauxremplissantlescritèresd'inclusion.
Laplupartdesarticles(n=20)autilisédesgroupescontrôleexternes.Douzecomptaienttrois
groupesdifférents (traitement,placeboetsansaucuneactionréalisée) (articles [134], [165], [166],
[167], [168], [169], [170], [171], [172] and [173]). Le groupe contrôle des articles [137] et [138]
pédalaitàlabicyclettefixe.Septarticles([174],[175],[176],[177],[178],[179]et[180])ontutiliséde
faussesmanœuvres(ousemblantdetraitement)danslesgroupescontrôlesetle[181]comparaitle








Danstoutes lesétudes ilaétévérifié lavaliditédesvariablesdesrésultats,testé ladouleur






ont également utilisé l'analyse de la variance (ANOVA) afin de s’assurer que les différents
échantillonsproduisaientdesrésultatssusceptiblesd'êtregénéralisésàlapopulation.






Cinq articles méritent d'être considérés avec précaution, car les mesures n'ont pas été
réaliséesenaveugle([134],[183],[182],[137]et[138]).
Septarticlesnementionnentpassi ladistributiondessujetsdans lesdifférentsgroupesest







Article Nombredesujets GroupeMV Groupecontrôle Sanstraitement
[134] 60 30 30 30
[177] 30 10 10 10
[176] 10 ? ? ?
[168] 15 7 8 Ͳ
[171] 18 ? ? ?
[167] 50 19 18 13
[170] 24 ? ? ?

Lesarticles[176],[171]et[170],n'ontpasexposé lenombredesujetsdanschaquegroupe







importants, nous avons comparé les deux tableaux: celui qui prenait en compte tous les critères
(maximum18points)avecceluiquicomptaitseulement lesquatrecritèresprincipaux(maximum8








ontégalementété rassembléesdans le tableau4,à lapage14de l'articlequenousavonspublié
[154].Enrevanche,nousn’avonspaspuréaliserdemétaͲanalyseenraisonde l'hétérogénéitédes
études,desmanièresdontladouleuraétéprovoquée,desunitésdemesure,deszonesducorpsoù



















Tableau 3 - Essais étudiant l'effet de la MV sur la douleur provoquée de manière expérimentale, classés selon leur 
localisation.
















[134]* - MV cervicale /main -pied T° 
[183]* - Mob lombaire /main PPT 
[182]* - MV lombaire / deltoïde PPT 
[137]* -MV lombaire/main -pied PPT 
[137]* -MV lombaire /main -pied T° 
[138]* -MV lombaire /main -pied T° 
 
[181] – MV C5-C6 / deltoïde PPT 
[166] – MV atlantooccipitale /masséter PPT 
[175] - MV atlantooccipitale SMT/sphénoïde 
PPT 
[167] - MV lombaire / 1er segment dessous 
PPT 
[182]* - MV lombaire / L3 PPT 
[177] – MV C7-T1 / C5-C6 PPT 
[177] – MV C7-T1 / C5-C6 PPT 
[179] – Zones d'allodynie caressées thorax 
MV / avant-bras 
[179] – Hyperalgésie mécanique thorax MV / 
avant-bras 
[179] – Douleur spontanée thorax MV / avant-
bras 
[174]– MV C5-C6 / Coude PPT 
[183] – Lombaire mob/ L2 L5 (pied) 
PPT 
[176] - MV C5-C6 / Coude PPT 
[178] – MV C3-C4 / Trapèze PPT 5’ 
[178] – MV C3-C4 / Trapèze PPT 10’ 
[168] - MV C5-C6 / Coude PPT 
[169] - MV C5-C6 / Coude PPT 
[169] - MV C5-C6 / Coude douleur 
spontanée  
[170]- MV C5-C6 / Coude PPT 
[171] - MV C5-C6 / Coude PPT 
[171] –MV C5-C6 / Coude étirements  
[180]- MV thoracique / électricité sur 
l'apophyse épineuse  



















[134]* - MV cervicale /main -pied 1ère 
douleur T° 
[134]* - MV cervicale /main -pied PPT 
[137]* – MV lombaire /main -pied 1ère 
douleur T° 




[174] – MV T5-T8 (fausse MV )/ Coude PPT 
 
 
[181] – MV C5-C6 / Trapèze PPT 
[165]** – C5-C6 Mob(AP)/ C5-C6 PPT 
[176] - MV C5-C6 / Coude froid 
[176] - MV C5-C6 / Coude chaud 
[170] - MV C5-C6 / Coude Temp PPT 
[171] –MV C5-C6 / Coude douleur 
spontanée  
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Tableau 4 - Essais étudiant l'effet de la MV sur la douleur provoquée de manière expérimentale, classés selon leur 
localisation et avec un score  12 points dans l'échelle qualitative sur 18 et/ou  4 points sur l'échelle sur 8.
















[183]* -Lombaire Mob/main PPT 
[182]* - MV lombaire / deltoïde PPT 
 
[181] – MV C5-C6 / deltoïde PPT 
[166] – MV atlantooccipital SMT/masséter 
PPT 
[175] - MV atlantooccipital SMT/sphénoïde 
PPT 
[182]* - MV lombaire / L3 PPT 
[177] – MV C7-T1 / C5-C6 PPT  
[177] – MV C7-T1 / C5-C6 PPT  
 [179]– Zones d'allodynie caressées thorax 
MV / avant-bras 
[179] – Hyperalgésie mécanique thorax MV / 
avant-bras 
[179] – Douleur spontanée thorax MV / avant-
bras 
 
[183] – Lombaire mob/ L2 L5 (pied) 
PPT 
[178] – MV C3-C4 / Trapèze PPT 5’ 
[178] – MV C3-C4 / Trapèze PPT 10’ 
[168] - MV C5-C6 / Coude PPT 
[169] - MV C5-C6 / Coude PPT 
[169]- MV C5-C6 / Coude douleur 
spontanée  



















   
[181] – MV C5-C6 / Trapèze PPT 
[165]** – C5-C6 Mob(AP)/ C5-C6 PPT 












Le Tableau 6 dans l'article publié [154] (cf. annexe) regroupe les valeurs trouvées par les
chercheurs,lesendroitsdelacolonneoùlaMVaétéréalisée,ainsiquelalocalisationdeladouleur,








neufd'entreellesontmontréque laMVaugmente leseuildouloureuxà lapression.Nousn'avons
pas décelé de lien entre la qualité des études et les effets observés. Les changements rapportés
étaient statistiquement significatifs. Lesdifférencesdevaleursdes seuilsdouloureuxaprès laMV,
quandellesontété rapportéesenpourcentages,ont variéde4,8% [165]à44.2% [176].D'autres
unités de mesure ont également été utilisées rendant les comparaisons difficiles entre les




Il y avait neuf essais au cours desquels la douleur était produite par la température.
Seulement trois (articles [134], [137]et [138])ontmontréuneffethypoalgésiquede laMV sur la
douleurproduiteparcemoyenettransmisepar lesfibresC.Lesautres(n=6),n'ontpasmontréde
différencesignificative.Troisd'entreellesontévaluélapremièredouleur,transmiseparlesfibresAɷ,
sans aucun effet de la MV. Les trois autres, qui mesuraient les phénomènes de sensibilisation
douloureuse(fibresC)ontprésentél'effethypoalgésique.Aucunlienentrelesrésultatsobtenusetla



























Neufessaisont rapportéuneffet régionalde laMV.Seulementuneétude ([174]),n'apas
trouvé cet effet. Pour celleͲci, lamanipulation thoracique fututilisée commeun faux traitement,























2ͲQuatre équipes ([166], [138], [179] et [173]) ontmanipulé un segment vertébral où la
manœuvreétait indiquéedupointdevue thérapeutique (lésionmanipulable/fixation/subluxation),
tandisquedans lesautresétudes la localisationde laMVétaitdéterminéeparavance, sans faire
référenceàdessignescliniquesouàdessymptômes.Lesdeuxméthodesontmontrédesrésultats
similaires,quel'onsuiveoupasunraisonnementclinique.
3ͲDeuxarticles ([166]et [178])ont traité l'effetde laMV sur ladouleurproduite surdes
pointsappelés"gâchettes"1,sansmontrerderapportentrelesrésultatsetlaclinique.




[181], [134], [166], [175], [137], [176], [177] et [178]). Ce bruit est supposé être le produit d'un
phénomènedecavitationdansunearticulation[184].Danscesétudes,silebruitn'étaitpasobtenu,








7Ͳ Les résultats n'ont pas été affectés selon que le groupe contrôle recevait ou non un
traitementplacebooupasdetraitementdetout.
8ͲDansdixessais (5articles), les sujetsétaientdespatientsavecdouleurs cliniquesayant
égalementreçudesstimulidouloureuxexpérimentaux([137],[176],[169],[170]et[171]).Troisde
ces dix essais ([176], [169] et [170]) ont augmenté le seuil douloureux à la pression après MV.
L'article[171]amontréunediminutiondeladouleurproduiteparétirementmusculaireetle[169]a
relatéunediminutiondeladouleurspontanéeaprèslaMV.










seconde douleur [137] et aucune action sur la première douleur [137], ni dans les essais sur la
sensibilisationcentrale(article[176]).
10ͲDans les troisarticlesoù l'anxiétéet lapeurde ladouleurontétéévaluées [134,138,
185], il est apparu ce ces émotions n'ont pas affecté les seuils douloureux, ni la réponse
hypoalgésique de la MV. Il est probable que ces aspects psychologiques, considérés comme







Dans cette autre revue que nous avons publiée [161], 15 articles ont finalement été
sélectionnésàpartirdescritèresd'inclusionquenousavonsdéfinis.
 Descriptiondesdonnées
Le lecteurtrouvera ladescriptiondétailléedesarticlesdans leTableau1de larevue[161].
Des15 articles sélectionnés,deuxmesuraient l'effetde laMV sur l'ouverturede labouche,neuf
évaluèrentsonactionsur l'amplitudedemouvementde lacolonnecervicale,troisarticlessurcelle
de la colonne lombaire et un sur l'amplitude demouvement de la hanche. Il y avait neuf essais
contrôlésrandomisésetsixétudescroisées(crossͲoverstudies). Ilsonttousmesuré l'amplitudedu
mouvement avant et immédiatement après laMV.Aucune étude sur l'amplitude dumouvement
thoraciquen'asatisfaitnoscritèresd'inclusion.
Lesméthodesdemesuredesamplitudesvariaientselonlesrégionsétudiées.L'ouverturede
la bouche fut mesurée avec un pied à coulisse en millimètres dans deux essais ([175] et [166]).
L'amplitudedumouvementdelacolonnecervicalefutmesuréeparungoniomètreuniversel([189],
[190], [191]et [192]),pargoniomètresursangle ([193]),pardispositifd'évaluationdemouvement
antéropostérieur avec un capteur sur la tête ([194]), par un inclinomètre avec un système de
boussole ([195]) et par un collier magnétique avec trois inclinomètres séparés ([196] et [197]).
L'amplitude du mouvement lombaire fut mesurée par un inclinomètre doigt/sol [198], par un
inclinomètredouble[199]etparundispositifdesuiviélectromagnétique[200].Quantàl'amplitude
dumouvementdelahanche,ellefutmesuréeparungoniomètredigital([201]).
Quelques chercheurs ont réalisé leurs expériences sur des personnes avec symptômes














les quatre critères de qualité suivants: "répartition randomisée", "MV bien décrite", "valeurs
montréesdansdestableaux/graphiques"et"résultatstestéspourvérifiers'ilssontstatistiquement
significatifs". Le critère "distributiondes sujetsparâges similaires s'ilsavaientplusde45ans"n'a
concernéque sixétudes ([189], [198], [190], [195], [175],et [191])et seulement l'article [198] l'a
satisfait.
Neufauteursont travailléavecdes sujets "naïfsetdésintéressés".Dixessais incluaient ce
quenousconsidéronscommeune"faussemanœuvrecrédible",comparéeavecuneMV.Cependant,
quelquesétudesontcomparéleursrésultatsselondifférentstypesdemanipulation,sansconfronter
unefaussemanipulation,rendant leur interprétationplusdifficile.Onzeauteursontspécifiéque la






Aucunarticlen'aprécisési lesconditionsexpérimentalesdans lesquelles lesessaissesont














L'effet positif fut rapporté dans les deux essais évaluant l'ouverture de la bouche, après
manipulation cervicale (+3,5mm ([175]) et 1,5mm± 1.5 [166]). Dans cinq des neuf études sur






Dans cette revue, la métaͲanalyse fut impossible en raison de l'hétérogénéité des
échantillons,desunitésdemesure,de lamanièred'évaluer lesmouvements,desrégionsétudiées.
Parexemple,pour laseule régioncervicale, l'essai [195]mesurait seulement la rotationetpas les
trois plans; le [193] présentait seulement les valeurs de base et pas celles obtenues après




Seulement deux études ([194] et [166]), ont comparé les résultats en trois groupes:
traitement,fauxtraitementetgroupecontrôle,sansaucuntraitement.Lapremière,quiévaluait le
mouvement cervical n'a pas repéré d'effet de laMV. L'autre, a remarqué une amélioration dans
l'ouverturedelabouche.Neufessaisontcomparél'effetdelaMVàunefaussemanipulation([189],
[201],[193],[190],[196],[175],[191],[197],et[200]).Cinqd'entreeux([193],[190],[196],[175],et
[200])onttrouvédesrésultatsstatistiquementsignificatifs,cequine futpas lecaspour lesautres
quatre([189],[201],[191]et[197]).
Quatre auteurs ont comparé l'effet de laMV aux résultats obtenus dans un groupe sans
aucuntraitement([198],[199],[195],et[192]).Lapremièredecesétudes[198]),n'apastrouvéde
différenceentrelesrésultatsdesdifférentsgroupes,contrairementauxtroisautres.
















posées icidemanièreglobale,c'estͲàͲdireprenantencompte l'effetde laMVsur ladouleuret le
mouvement en même temps. La question qui nous semblait s'imposer était de savoir si la MV
diminuerait la douleur grâce à son action sur le mouvement, ou, au contraire, si le mouvement
s'améliorerait grâce à son action hypoalgésique. Nous interprétons ce manque d'informations
comme une conséquence de la séparationdes approchesbiomécanique (effet sur l'amplitudedu
mouvement)ouneurophysiologique(effetsurladouleur)dansl'utilisationetl'étudedelaMV.C'est
pourquoi il a fallu réaliser deux revues différentes de la littérature scientifique, l'une sur chaque
domaine.Afindefaciliter lacompréhensionet lesuividenotreraisonnement,nousallonsrappeler








La pression est la méthode la plus courante pour produire de la douleur de manière
expérimentaleafind'évaluerl'effetdelaMV(27des43essais).Malheureusement,lesauteursn'ont
pasutilisé lesmêmesunitésdemesures,pour rapporter leurs résultats, cequiaurait facilité leur
comparaison.Enrésumé, ilsembleraitque laMVaugmente lesseuilsdouloureuxde4,8%à44,6%
selonlesétudes.Lesalgomètresutiliséspourmesurerladouleur[202]sonttrèsfiablesetprécis,ce
quirenforcecesobservations,bienquelesdifférentesconditionsexpérimentalesnepermettentpas
decomparaisonentre lesétudes.Parailleurs, laMVréduiraitégalement ladouleurproduitepar la
capsaïcine qui a pour effet d'irriter la peau, produisant de l'allodynie, de l'hyperalgésie et de la
douleurspontanée.Enfin,9essaispubliésdanscinqarticlesontétudiél'effetdelaMVsurladouleur






douleur,conduitepar les fibresAɷ.Cesobservationspourraientavoirde l'importancedans l'étude




Presque tous les auteurs ont évoqué la possibilité d'un effet systémique de la MV, mais
seulement5articles(9essais) l'ontexaminé.Lesrésultatsfurentclairementpositifs,bienquedeux
des auteurs concluent que les bénéfices locaux étaient plus importants que ceux systémiques.








un faiblenombrede sujets.Celapourrait être expliquépar le faitque les auteursont enlevé les
résultatsnégatifsdespublications,ouparcequel'effethypoalgésiqueestpuissant.
Ladélimitation imprécisedesdermatomesrenddifficile laséparationdeseffetsqualifiésde




Encequiconcerne l'effetde laMV sur ladouleurprovoquéeauͲdessusouenͲdessousdu
segmentmanipulé,dans seulementquelquesétudes il aétéexploré cettequestion, sans résultat
concluant.Seulementdeuxétudesontétudiéetmontréuneaugmentationdesseuilsdouloureuxàla
pression vers la direction caudale. Il pourrait être nécessaire de travailler cette question afin
d'approfondirlesconnaissancessurlesmécanismes,s'ilyauneactiondirectesurlemêmesegment
ou,sielledoitparcourirlamoelleépinièreversdescentressupraͲspinaux.Laquestionseposedufait
de la légèredifférenceconstatéeauprofitd'unmeilleureffetauniveaucervicalque lombaire,bien

























L'une des grandes interrogations apparues lors de la réalisation de notre revue de la
littératuresur l'effetde laMVsur ladouleur futsoulevéepar lacontradictionmanifesteentre les
explications des mécanismes d'action de la MV sur la douleur fournies par les auteurs et nos
observations.Dans lesdifférentes introductionsdes22articlesrevus, ilyavait7théoriespossibles
sur lamanièredont laMVpourraitagirpourdiminuer ladouleur. Le lecteurpourra trouver leurs
descriptionsdans l'introductiondecettethèse,mais il importe icidesouleverque17articlesnous




















apporterdenouvelle idée théorique,autreque l'expérienceprinceps.Maisdeuxphénomènesont
fortementattirénotreattention.Lepremierfutungrandnombredecitationssur4référencesquise
répétaient régulièrement. Trois d'entre elles sont des manuels sur la douleur [25, 204, 205],




nombreux articles référencés [208], regroupe des concepts tirés d'expériences d'autres
investigateurs. Ilnousexpliquequedans la substancegrisepériaqueducale, ilexistedeuxparties:
uneventraleetunedorsale.Ilaobservécertainstravauxdechercheursstimulantlapartieventrale
chezlerat,produisantchezl'animaluneattituded'évitementetderepli.Ilconstate:aͲuneinhibition
sympathique, bͲ que le neurotransmetteur principal est la sérotonine, cͲ que la naloxone peut
bloquersonaction(cequisuggèreunsystèmeopioïde),dͲqueleseffetsn'apparaissentqu'aprèsun
certaindélai,eͲqu'ilyaunphénomènedetoléranceet,enfin,fͲl’existencedefibresefférentesvers
les nuclei magnus, pallidus, obscurus. De plus, il observe que ce système ventral est associé à
l'analgésiethermique.
A contrario, le systèmedorsal, lorsqu'ilest stimulépardesélectrodes chez le rat,produit
chezeuxuneattitudededéfenseetdecombat.Cesystèmeintervientparlesvoiessympathiqueset
estdoncnoradrénalinergique.Lanaloxonene l'affectepasetdes fibrespartentd'icivers lebulbe
rachidien ventrolatéral et vers le noyau paragigantocellularis lateralis. Très important, des fibres































































































































































































































































































































































































































































































commeun fait.Unauteur [170] leciteen1995disant"A recentlypresented theoryposits that..."
(Unethéorierécemmentprésentéepostuleque...).Parlasuite,unautreauteur[174]àlapage433de
sonmanuscritde2011lereprenddelamanièresuivante:"Studieshaveconsistentlydemonstrated,
that..." (Des études ont démontré de manière consistante...). Il en reste, que même si cette
hypothèsemérited'êtrepriseencomptedans lacompréhensiondesmécanismesd'action,qu'elle
















validation scientifique par la recherche fondamentale. En ce qui concerne l'effet hypoalgésique





systèmedecontrôle inhibiteurdiffus (CIDN)exercépar le troncspinal,à l'instardumécanismede















Une interprétation possible de cette différence entre l'expérience clinique et les résultats
constatés dans notre revue, pourrait être que les résultats cliniques sont évalués après plusieurs
jours voire plusieurs semaines. La littérature rapporte des modifications sensibles dans le
recrutementdes fibresmusculairesparaͲvertébralesaprèsune semainedeMV,diminuantainsi la
rigidité[149].Or,nousavonsexpressémentchoisid'évaluerleseffetsimmédiats,afindenepasles
mélanger avec d'autres facteurs qui apparaissent avec le temps, tels que la relation
patient/thérapeute,l'adaptationnaturelleducorps,l'entrainementetbiend'autres.
Uneautreexplicationpossiblepourraitêtredonnéepar lefaitque laMVagiraitdavantage






















Ilexistedesdifficultés techniquesquinousobligentàpondérer lesobservations réalisées.
Parexemple, lorsque l'onmesure l'amplitudedumouvement,sepose laquestiondesavoiroù l'on
commence lamesureetoùon l'arrête.Comment identifierunpointdedépart.C'est laraisonpour
laquelle l'évaluation est plus précise si elle est rapportée en termes d'amplitude totale, et pas
seulementd'uncotéoud'unautre,commec'estlecasdansplusieursétudes.
Beaucoup d'études sur l'amplitude du mouvement cervical se sont concentrées sur la
précisiondesoutils,mais lacapacitéàdétecter leschangementsamoinsétéévaluée [212].Or, la
capacitéd'unoutilàévaluerleschangementsdemanièrepréciseesttrèsimportante.Toutefois,ilne
semble pas y avoir de problème particulier en ce qui concerne les outils. Les goniomètres,
l'estimation visuelle, l'inclinomètre, sont fiables bien que peu pratiques en clinique [164]. Deux
revues systématiquesde la littérature confirment la fiabilitédes goniomètresdans lamesuredes
amplitudes du mouvement cervical [212, 213]. Une autre étude confirme que le dispositif de
repéragemagnétiquea lamême reproductibilitéque l'inclinomètre [214]. Ilenestdemêmepour
uneautreétude[215]quiconfirme l'outilpour l'évaluationde l'amplitudedumouvement lombaire
etlerecommandecommeoutildesuividanslesprogrammesderééducation.Pourlesuiviquotidien
delapratiqueclinique,lemoniteursansfilsembleleplusadapté[216].





















Avant de repenser l'utilisation de la MV dans la pratique clinique, il faut juger de la
pertinence cliniquedes résultatsobtenus.Eneffet,un auteur [183] citeMoss [217]quidéfinit la
limite de ce qui est cliniquement significatif autour de 15% de variation des seuils douloureux.
Cependant, cette affirmation se base sur des études réalisées sur des douleurs ostéoarthritiques
[218]ainsiquedesdouleursévaluéesdansunserviced'urgences[219],maispaspourdesdouleurs
produitesdemanièreexpérimentale.C'estlaraisonpourlaquellenousconsidéronsquelalimitede








Bien que notre revue concerne des études sur la douleur provoquée de manière
expérimentale, quelques observations pourraient concerner la pratique clinique. La première
concernel’idéedemanipulerunsegmenthypoͲmobile,ou"fixé",renvoyantàlanotiond'unelésion
"manipulable".Or,nousavonsvuqueleseffetshypoalgésiquesétaientlesmêmesquel'onréalisela





aucune importance.Lanotiond'indépendancede l'effethypoalgésiquevisͲàͲvisdessymptômes liés
auxmouvements (rigidité, tensions,duretés,etc), risquedebouleversercertainscliniciens,dont le
raisonnement clinique est basé sur ce principe. En effet, dans l'histoire de laMV, on trouve une
notion«traditionnelle»quiasouventjustifiésonindication:la«subluxation».
Lasubluxation








Cependant, à partir de la tradition, le concept de «subluxation» a persisté, et un certain
nombredethéoriessursonmécanismed'actionaétéproposéetellespeuventêtreregroupéessur
troisaxes[224]:aͲ letissuconnectifautourduforamen intervertébraldérange lasortiedesracines
desnerfsspinauxetleursfonctions,bͲlesaltérationsneuroplastiquessecondairesàl'hypomobilité
des tissus paravertébraux produiraient des changements dans la sensibilité, cͲ un désalignement
vertébral produirait une distorsion du ligament dentelé antérieur avec des répercussions sur la
transmissiondelasensibilité.
Ces théoriesontencouragécertainschiropracteursetd'autrescliniciensàbâtir ladoctrine
selon laquelle leurprofessions'exercesur labased'undiagnosticréaliséàpartird'unepalpationet
d'analyses radiologiques, dans la recherche d'irrégularités des tissus paravertébraux. Ensuite, le
traitement consisterait à «ajuster» la subluxation, ce qui pourrait être vérifié par le bruit de
craquementproduitpar lemouvementarticulaire,permettantaucorpsdedéveloppersacapacité
innéed'autoͲguérison.
Néanmoins, à ce jour, il n'y a pas de littérature scientifique définissant clairement la
subluxationquirendeleconceptreproductibleettransmissible[225].Ellenerépondpasauxcritères
deBradfordHill[226],quiétudientlesconditionsminimalesafind'établirunliendecausalitéentre































qu'elle soit, était suffisante pour qu'une personne souffrante puisse reprendre la fonction de
mouvementnormalouseulementluidonnerunebrèveimpressiond'amélioration.Cettedonnéeest
essentielledanslastratégiethérapeutiqueàadopterdanslapratiqueclinique.
Cependant, lefaitque l'actionhypoalgésiquede l'actesefassesentirdemanièrebilatérale,
mais aussi probablement en dessous et auͲdessus du segment vertébral manipulé, permet de
repenserses indicationsspécifiquesnotammentdans lecadredepathologiesdouloureuses.Si l'on
prend en compte que l'effet est légèrement plus manifeste si l'on manipule auͲdessus du foyer
douloureux, on pourrait donc manipuler un ou deux segments vertébraux auͲdessus des














qu'ilestextrêmement importantque lapersonnequiévalue lesrésultatsnesoitpas lamêmeque
celle qui réalise le traitement et qu'il faudrait qu'elle n'ait aucune connaissance du traitement
dispensésouspeinedebiaiser l'évaluation.Cepointnuit,enparticulier,à l'interprétationde l'effet




eten incluanttous lessujetsétudiés,enprécisantceuxexclusdesanalysesou ignorésafind'éviter
l'améliorationartificielledesrésultatsparl'exclusiondes"mauvais"résultats.Ceciasouventétéomis
parlesauteursou,aumoins,iln'apasétéclairementmentionné.
Uneautredifficulté soulevée concerne lesgroupesde contrôle.Demanière idéale, laMV
devraitêtrecomparéeàunfauxtraitementet/ouàungroupesanstraitement.Ilestàpréciserquele
faux traitement peut être assimilé àun traitement placebo [229, 230]. Cette comparaison ne fut
réaliséequedans12articles.Ilestvraiqu'ilestdifficiled'appliquercetteprocédureauxtraitements
physiques, telsque laMV,maisplusieursarticlesparmi les10restantsont tentédepallieràcette
difficulté en sélectionnantdes sujetsnaïfs au traitement et,dans certains cas,ont comparédeux
traitements différents (ex: MV dans deux régions de la colonne). Dans ce dernier cas, le faux
traitementneseraitpasnécessaire.Cependant,qu‘ilsoitutiliséoupas,iln'yapaseudedifférence
clairedans lesrésultats, indiquantque l'effetestmanifesteetn'estpasaffectépar lesattentesdes
sujetsd'étude.
L'anxiété, la peur de la douleur, l'angoisse, pourraient être des facteurs potentiels de
confusion dans l'interprétation des résultats, d'autant plus qu'ils sont reconnus pour altérer la
perceptiondeladouleur,commec'estlesouventcasdanslapratiqueclinique.Cependant,lestrois










soulignantque leurqualitédemeure acceptableetassezhomogène.Une interprétationquenous
réalisonspourexpliquercephénomènepourraitêtre leurrelativefraîcheur.Eneffet, laplupartdes













la particularité des sujets traités ne correspondant à aucune des listes existantes nous les avons
adaptéesànosbesoinsenfonctiondenosquestionsderecherche.Lesétudessélectionnéesdansla
revue sur ladouleur furentnotées entre 8 et 16points sur 18dansnotre système. Le choixdes
critèrespourraitêtre contestéet la listemodifiée.Cependant,nousn'avonspasmisde limitede
qualité excluant des articles, ou les considérant comme "mauvais". Nous avons, de surcroît,
clairement constatéque les résultatspubliésn'étaientpasen relationavec laqualitédesarticles.
















denos22articles,maisnerestreignaitpas laduréedessymptômeset incluaitdece fait5articles
quenousavionsexclus.Ilsdéfinissaientleseffetscommelocauxoudistantsetnemesuraientqueles
seuilsdouloureuxà lapression.Lesauteursonttrouvéque lesvariationsdesseuilsproduitspar la
MV étaient légers, mais statistiquement significatifs tant au niveau local que distal. Ils n'ont pas
étudiéd'autre typededouleur.Bienqu’évaluée, ilsn’ontpasprisen considération laqualitédes






Lorsque nous avons voulu mieux comprendre les mécanismes d'action de la MV sur la
douleur,nousavons choisidevérifier si l'hypoalgésieobtenuen'étaitpasune conséquenced'une
possible améliorationdesmouvementsde la colonne vertébrale.Pour ce faire,nous avons choisi
d'étudierséparément laconséquencede laMVseulementsur l'amplitudedumouvement [161]. Il
estpossiblequecechoixnesoitpaslepluspertinentdansl'étudedesmodalitésdesoulagementde
la douleur, comme pourrait l’être la qualité du mouvement. Cependant, a posteriori, nous ne
regrettonspascechoixparceque,commenousl'avonsvuplushaut,lalittératureconcernantl'effet




la douleur expérimentale, la métaͲanalyse n’a pu être réalisée en raison de l'hétérogénéité des
étudessurlamanièredontladouleuraétéprovoquée,lesunitésdemesure,leszonesducorpsoùla






Ladifficultéestsimilairedans la revuesur l'effetde laMVsur l'amplitudedumouvement.
Tant dans la pratique clinique que dans la recherche, il existe une multitude de dispositifs pour
mesurerl'amplitudedemouvementdelacolonnevertébrale:inclinomètressimples/doubles/triples,
goniomètres,rubanmétrique,estimationvisuelle,analyseurdelamotilitévertébrale,etc.Lebutde
cettethèsen'étaitpasde lescompareretde lesanalyser,d'autantplusque la littératureestassez
richedanscedomaine[164,214,216,232,233].Leproblèmeiciestquecettevariétédemodesde
mesuresrendlacomparaisondesessaisardue.








d'extrapolations qui n'ont pas fait l'objet de validation empirique scientifiquement parlant. Les





Lorsque l'onapprofondit les travaux sur leseffetsneurobiologiquesde laMV,onconstate
que le nombre de chercheurs intéressés par ce sujet est restreint et que de surcroît, ils sont
regroupésdansunpetitnombred’équipes. S'ilest vraique cela facilite la recherche,notamment
grâceàlamutualisationdesmoyensetàl’améliorationdelacoordinationetdelacommunication,il
en reste que les éventuelles imperfections concerneraient une grande partie de la production
scientifique.Lephénomènedegroupeaeneffeténormémentd'avantagescarletravailsedynamise
et il existe moins de déperdition liée à la structuration des protocoles, à l'acquisition des
compétences complémentaires pour aboutir aux publications (statistiques, méthodologie de
recherche,depublication,etc.).Cependant,lorsqu'uneéquipefonctionne,surtoutsiellefonctionne
bien, elle ne remet en question son fonctionnement que rarement. C'est ainsi que certaines
habitudesgénératricesdebiaispourraientperdurer.Alorsquesi lesujetétaitétudiéparplusieurs
équipes,dedifférentescultures,avecdesméthodologiesdiverses, leurconfrontationne feraitque









voit donc confrontée à un besoin de production de recherche fondamentale qui commence à se
développerdenosjours.Danslesdeuxdernièresannées,plusieurstravauxontétépubliés[132,234Ͳ
237],maisilenrestequelaproductiondesconnaissancesàpartirdelarecherchefondamentalevoit
ses joursdegloiredevantelle.Nous sommes cependantheureuxd'avoirorganiséetprésenté les





genre, comme c'est le cas pour les essais cliniques. On pourrait donc soupçonner un biais si les
auteurs ne publiaient que ceux dont les résultats sont positifs. Même sans avoir la certitude de
l’exhaustivité des publications, celles existantes nous permettent d'ores et déjà de tirer des




observations publiées dans la littérature scientifique avec notre propre essai. Cependant, nous
sommesheureuxdenepasavoircédéàcettetentation,car,aprèsavoirobservé43essaispubliés,en
réaliser un de plus n'aurait rien apporté de nouveau, voire, aurait produit des contraintes
supplémentairesdiminuant la rechercheapprofondie sur la littératurequenousavonsaccomplie.












Les observations rapportées dans cette thèse permettent de poser la réflexion sur la
connaissanceactuelleenmatièred'effetdelamanipulationvertébralesurladouleur,mais,surtout,
d'orienterde futurs travauxde recherchedans ledomaine. Ilexistedeuxgrandsaxesde travailà
développer: la meilleure compréhension des mécanismes d'action de la MV sur la douleur et
l'intégration et l’adaptation de ces connaissances à la pratique clinique afin d'améliorer son
efficacité.
 Mécanismes:qu'estcequel’onpeutapporterdenouveau?
L'amélioration incontestableque l'onpourraitapporterdans ledomainede laconnaissance
desmécanismesd'actiondelaMVseraitledéveloppementdelarecherchefondamentale,destinée
àfournirdavantagedepreuvesquiviennentcorroborerouinvaliderlesthéoriesavancéesàcejour.
Cependant, le nombre d'essais réalisés, ainsi que leurs résultats, permettent d'ores et déjà, de
s'appuyer sur des hypothèses existantes, sans pour autant les confirmer, et de dégager des
orientationsàprendreencomptepourlarechercheàvenir.Lesujetquis'imposedésormaisestcelui










première douleur pourrait faciliter la compréhension de son mécanisme d'action.Nous avons vu
dans l'introductionque le"windͲup"estuneaugmentationprogressivede laréponsed’unneurone
lorsde larépétitiondestimulinociceptifssurunmêmeterritoireducorps.Ilestenrapportavec la
sommation temporelle et a des conséquences sur la perception de la douleur. Il s'agit d'un
phénomèneobservéseulementauniveaudesfibresC.Nosobservationscorroboreraientl'hypothèse
que nous avons étudiée plus haut, avancée par Boal [139], selon laquelle la MV régulerait la














ce domaine, il est essentiel également d'explorer davantage l'effet de la MV sur la douleur
provoquée par la température et par la pression, et notamment leurs différences. Ce type
d'expériencesdevraitêtreaussiconduitsurdespatientssouffrantdedouleurschroniques,chezqui
lephénomènedesensibilisationestdéjàprésent.AinsiauraitͲonlapossibilitéd'associerlesrésultats
obtenus àpartirdes volontaires sains etdespatientsqui in fine seraient lesbénéficiairesde ces
recherches.








Enfin, il convient de rappeler, comme nous l'avons expliqué dans l'introduction de cette
thèse,ainsiquedanschacunedesrevuespubliées,quenousavonschoisid'étudierl'actiondelaMV
chez les volontaires sains, afin d'en identifier les effets, sans la complexité des situations
pathologiques. Il n'en reste pas moins que l'objet ultime de la recherche dans ce domaine est
d'améliorer la qualité des soins prodigués au patient. C'est ainsi qu'une fois que les différents
concepts,mécanismesd'action,effets,conséquencesdelaMVsontidentifiésetcompris,ilsdoivent
êtreétudiésentenantcomptedelacomplexitéclinique.Notammentdansledomaineparticulierdes











grise périaqueducale. Cependant, ce même auteur a confirmé plus tard [239], en 2007, l'un des
arguments sur lesquels il sebasaiten1995,à savoir le faitque la substancegrisepériaqueducale
envoidesfibresefférentesmotricesetquelaMVagit,àtraverscesfibres,surl'activitémotrice.Sans
partager sa théorie d'action de la MV sur la substance grise périaqueducale, nous retenons son
observationsur l'activitémotrice.Or,nousavonsvuplushautque laMVagitsur l'activitémotrice
[192,237].Danslamesureoùcettedernièreestessentielledanslapratiquecliniqueenraisondeses
effetssurlabiomécanique,celaconstitueunevoiederechercheàapprofondir.
D'autre part, il est établi qu'il est difficile d'évaluer l'amplitude d'unmouvement lorsqu'il
génèredeladouleur[215].Cependant,ilnesemblepasappropriédemanipulerunearticulationnon
douloureuse pour étudier l'effet de cet acte sur son mouvement, car elle a déjà son amplitude
complète.C'estpourquoi,ilestdifficiledesavoirsilesaméliorationscliniquesdescervicalgies[73]et







La recherchepourraitmodifier considérablement lapratique clinique, sielleapportaitune





debasedetouteactivitédesoins,dans ledomainede ladouleur,celan'estpastoujours lecas.Le
traitementestsouventprescrit,sansconnaîtreprécisémentcequiprovoqueladouleur,ouaumoins
sans vraiment comprendre pourquoi elle persiste ou elle se modifie. C'est ainsi que les sociétés
spécialiséesdans l'étudede ladouleurpublientdéjàdesconseilsd'orientationdutraitementselon
lesélémentsdiagnostics [7].Cetteproblématiqueestencoreplus importantedans ledomainedu
maldedos.Danslaplupartdespublicationssurletraitementdeslombalgies,unfaiblepourcentage
ontdesdiagnosticsclairementétablis.Lereste(variantde70%à90%,selonlespublications),traite






lespatients souffrantde lombalgiesen trois sousgroupes (douleursdes facettesarticulaires:10 Ͳ
30%,douleursdiscoͲgéniques:ш50%,douleursd'originesacroͲiliaque:20Ͳ30%) ilaobtenuprèsde
90%de résultatssur lepremiergroupepar le traitementdestimulationpar radiofréquence [241].
Dans lecasdutraitementparmanipulationsvertébrales,desétudesontétépubliéesdanscesens
afin de cibler les patients à traiter et d'identifier les facteurs pronostiques d'un meilleur résultat
[242].
Le besoin de cibler les indications va auͲdelà des pathologies pour lesquelles la MV est
indiquéeàcejour.Ilconvientdeciblertant lescaractéristiquesgénéralesde lapopulationàtraiter
quelesbasespourdenouvellesentitéspathologiquessusceptiblesdebénéficierdeseseffets.Nous
avons basé nos observations essentiellement sur des volontaires sains, mais il serait pertinent
d'évaluer l'effet hypoalgésique de la MV selon les spécificités des sujets, telles que l'âge, les
caractéristiques physiques, les profils divers et variés, les habitudes de vie, etc. De même, à la
lumièredecequenousavonsobservé, larecherchesur les indicationsde laMVdevraitégalement
porter sur les patients avec des douleurs chroniques (où le phénomène de sensibilisation s'est
établi),etneurogéniques. Il serait intéressantd'étudier s'ilexisteunphénomèned'accoutumance,
c'estͲàͲdireunbesoindeplusenplusdestimuli,pourobtenirlesmêmesrésultats.
bǦAdapterlatechniquemanipulatoire
Nous savons maintenant que la MV est un ensemble de mouvements des tissus paraͲ
vertébrauxgénérateursdephénomènesbiomécaniques[68],quienvoientdesstimuliafférentsreçus
par le système nerveux central [140]. Le challenge est maintenant d'identifier lamanière la plus















satisfaisant, notamment en ce qui concerne les patients atteints de maladies chroniques. Des






du mouvement des tissus paraͲvertébraux. Cependant, il semble légitime de s'interroger sur la
pertinence de reproduire ces phénomènes de tension, étirement, relâchement dans les autres
articulationsendehorsde lacolonnevertébrale.Anotreconnaissance, iln'yapasd'articledans la
littératureréférencésurcesujet.Lesexpériencespourraients'organiserdemanièretrèsfacile,sans
besoindematériel lourd,nicoûteux.Ainsi, lesmêmesprotocolesd'évaluationdeseuilsdouloureux





















Nous savons également que ces stimuli afférents augmentent avec l'amplitude du mouvement,
probablementenraisondel’accroissementdespropriocepteursstimulés[234,244]etdufaitqueles
changementsdeforcedanslaMVnechangentpaslenombredestimuli[234].Lafaibleréponsedans
la rigidité lombaire, pourrait donc être attribuée à une perte d'efficacité dans les voiesmotrices
efférentes. Autrement dit, s'il a été constaté une variation dose/effet des stimuli afférents, sans
variation évidente sur l'activité musculaire, il reste à explorer l'incidence de cette variation dans
l'effethypoalgésiquedelaMV.͸Ǥ±ǫ
La littérature scientifique rapporte que dans le traitement des lombalgies, on utilise de
manièresimilairelesmobilisationsetlesMV,maisdanslesessaiscliniques,onutilisedavantageles
MV [245].Nous avons vudans l'introductionque ladifférence entre cesdeuxmanœuvres réside
dansleurvitessed'exécution(laMVestplusrapide)etdansl'amplitudedumouvement,notamment
parlefaitquelaMVvaauͲdelàdeslimitesphysiologiquesdumouvementarticulaire.Cependant,nos
observations rapportentdessimilitudesen termesd'effetshypoalgésiques. Ilseraitdoncpertinent
de chercher la limite entre mobilisation et manipulation, s'il y en a une, ou bien d'identifier un
continuum,s'ilexiste.Uneprécisiondanscedomainepourraitêtreprécieusedans letraitementde
patientschezqui laMVestcontreͲindiquée,enraisondefragilitéosseuse,tellesque lespersonnes
souffrant d'ostéoporose, de pathologies osseuses, etc. et qui auraient besoin de l'effet
hypoalgésique.͹Ǥ±ǫ
Il aété constatéque les résultats cliniquesde laMVdépendentde l'opérateur [246]. Les
cliniciensfontsouventappelàl'expériencedumanipulateurcommefacteurderéussite.Maisqu'estͲ













clinique en raison de l'amélioration de ces syndromes. Cependant, que cette amélioration soit
inhérenteàunediminutionde ladouleur,àuneaméliorationdemouvementouauxdeuxnenous
estpasapparucommeuneévidence.C'estàpartirdecette interrogationquetroishypothèsesont
été émises: soit laMV améliore lamobilité des segments intervertébraux et réduit également la
douleur; soit elle réduit directement la douleur facilitant par conséquence la réhabilitation du
mouvement;soit,enfin,elleaméliorelamobilitédesarticulationsetdestissus,réduisantladouleur
demanièresecondaire,aumoinschezlessujetssains.
Nous n'avons pas trouvé dans la littérature scientifique d'article étudiant ces hypothèses
dans leur globalité.Nous avons identifié, tant dans le milieu de la recherche que dans celui des
cliniciens,deuxapprochesdifférentessur lesthéoriesdesmécanismesd'actionsupposésde laMV:
certains argumentent un mécanisme biomécanique, tandis que d'autres des mécanismes








L'autre, cherchait à évaluer l'effetde laMV sur lamobilité des segments vertébraux [161].Nous
avons trouvé un effet direct de la MV sur la douleur, constaté essentiellement au niveau locoͲ
régional.Lesarticlesquiexploraient l'effetsystémiquede laMVsur ladouleurétaiententachésde
défautsméthodologiques,en raisondesquelsnousnenouspermettonspasde tirerdeconclusion
surcetaspect.Cependant,nousnesavionspassil'effethypoalgésiquelocorégionalmontrédansces
articles était une conséquence directe de la MV ou secondaire à l'amélioration du mouvement
segmentaire.C'estlaseconderevuedelalittératurequipermetdedresserdenouvelleshypothèses.
Eneffet,ellemontreque laMVauneffettrèsréduit,quand ilexiste,sur lamobilitéde lacolonne
vertébrale,aumoinschez lessujetssains.Apartirde là,nousconcluonsque l'effetde laMVsur la






Cependant, même si nous répondons à nos questions de recherche, il en reste que ces
réponsesdemeurentpartiellesetque lesujetestàapprofondir.Desquestionnementssur ladurée
des effets, sur les rapports "dose/effet", sur l'identification des techniques les plus efficaces, ou
encore,sur leciblageplusfindespatientsàtraitersontdevéritablesdéfispour lesgénérationsde
chercheursàvenir. Levolet sur l'amplitudedumouvementestégalementàélargir,notammentà




uneffetsur ladouleuroupas.Enrevanche, il importedeconcentrer leseffortsafinderépondreà
desquestionsprécises tellesquepourquoi laMVn'affectepas lapremièredouleuret, surtout, à
identifierclairementsesmécanismesd'action.
Il serait également opportun d'harmoniser et améliorer les méthodes utilisées par les
chercheurs,enattirant leurattentionsur l'utilisationdeprotocolessimilaires,avecdessujetsnaïfs
auxtraitements,desévaluationsenaveugle,unerépartitionrandomisée,desdéclarationsdespertes
et exclusionsdes sujetsd'étude et, sipossible, l'utilisationdesmêmesunitésdemesures afinde
faciliterlesmétaͲanalysesetcomparaisonsentreessais.





































































































































































































































































































































































































































































































































































































































































































































































































































































































SYSTEMATIC REVIEW Open Access
The effect of spinal manipulative therapy on
experimentally induced pain: a systematic
literature review
Mario Millan1,2*, Charlotte Leboeuf-Yde2,3,4, Brian Budgell5 and Michel-Ange Amorim1,6
Abstract
Background: Although there is evidence that spinal manipulative therapy (SMT) can reduce pain, the mechanisms
involved are not well established. There is a need to review the scientific literature to establish the evidence-base
for the reduction of pain following SMT.
Objectives: To determine if SMT can reduce experimentally induced pain, and if so, if the effect is i) only at the
level of the treated spinal segment, ii) broader but in the same general region as SMT is performed, or iii) systemic.
Design: A systematic critical literature review.
Methods: A systematic search was performed for experimental studies on healthy volunteers and people without
chronic syndromes, in which the immediate effect of SMT was tested. Articles selected were reviewed blindly by
two authors. A summary quality score was calculated to indicate level of manuscript quality. Outcome was
considered positive if the pain-reducing effect was statistically significant. Separate evidence tables were
constructed with information relevant to each research question. Results were interpreted taking into account their
manuscript quality.
Results: Twenty-two articles were included, describing 43 experiments, primarily on pain produced by pressure
(n = 27) or temperature (n = 9). Their quality was generally moderate. A hypoalgesic effect was shown in 19/27
experiments on pressure pain, produced by pressure in 3/9 on pain produced by temperature and in 6/7 tests on
pain induced by other measures. Second pain provoked by temperature seems to respond to SMT but not first
pain. Most studies revealed a local or regional hypoalgesic effect whereas a systematic effect was unclear.
Manipulation of a “restricted motion segment” (“manipulable lesion”) seemed not to be essential to analgesia. In
relation to outcome, there was no discernible difference between studies with higher vs. lower quality scores.
Conclusions: These results indicate that SMT has a direct local/regional hypoalgesic effect on experimental pain for
some types of stimuli. Further research is needed to determine i) if there is also a systemic effect, ii) the exact
mechanisms by which SMT attenuates pain, and iii) whether this response is clinically significant.
Background
Pain
Pain is defined as an unpleasant sensory and emotional
experience associated with actual or potential tissue dam-
age [1]. It originates in specific receptors, named nocicep-
tors, which are classified according to the type of damage
to which they respond; thus, mechanosensitive, thermo-
sensitive, chemosensitive and polymodal nociceptors.
From the peripheral nociceptors, noxious stimuli are
transmitted to the dorsal horn of the spinal cord [2].
There, afferent fibers synapse in the superficial laminae
of the dorsal gray matter of the spinal cord [3]. Cells in
the superficial laminae serve as an integration centre
and relay system for many sensations. Most cells of the
grey matter involved in nociception send axons across
the midline of the spinal cord to ascend to the thalamus.
From there, they project upwards, eventually to the
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cortex of the brain. However, impulses are not only
transmitted to the cerebral cortex. There are also other
pathways and mechanisms that may participate in anal-
gesic influences at the spinal and supraspinal levels.
When a noxious stimulus occurs, there may be a “first
pain”, conducted by Aδ fibers, and a “second pain”, due
to temporal sensory summation (TSS) and conducted by
nociceptive C-fibers. “First pain” is described as sharp
and "pricking". The propagation of this stimulus is rela-
tively quick and it is felt in a well-defined part of the body
surface [2]. “Second pain”, which is transmitted more
slowly, is often described as dull and aching, and it is
poorly localized. This pain tends to last beyond the ter-
mination of an acute noxious stimulus. Sources, path-
ways, perception of and treatment of the two types of
pain are very different [4].
Modulating pain
The infliction of pain is not always experienced in a lin-
ear manner according to the strength and nature of the
stimulus. Pain sensations can be very different from one
individual to another, and also intra-individual variations
can occur, so that identical types of damage do not ne-
cessarily result in an identical amount and type of pain.
One reason for this is that pain can be modulated, both
to increase and decrease.
One modulating system, central sensitization, tends to
increase pain sensation [5], particularly in people who
have more long-lasting pain, making them more sensi-
tive to “new” pain impulses than they would have been
under normal circumstances.
Another endogenous modulating system is afferent or
segmental inhibition, meaning that one external stimulus
can block an ongoing pain sensation by having higher
priority in reaching the brain [4].
Descending antinociceptive systems provide yet an-
other modulating mechanism. These originate largely in
the mesencephalon and have synaptic connections with
neurons in the medulla and the spinal cord. This means
that nociceptive information may be blocked or attenu-
ated before it reaches higher centers [6]. This system is
also tightly connected to a descending pain facilitating
pathway that has the same general sites of origin (mes-
encephalon and medulla) but with the opposite effect.
Finally, there are also other intrinsic mechanisms for
physiological modulation of pain, such as subjective as-
sessment and motivational-affective modulation [7], which
act by raising pain thresholds via endogenous opioids and
other substances. These mechanisms, at times, preferen-
tially alter sensory and/or affective aspects of pain percep-
tion, and the associated modulation of pain-evoked neural
activity occurs in limbic and/or sensory brain regions,
suggesting multiple endogenous pain-modulating systems
[8]. Thus, pain can be increased or decreased by mere
expectations or, even, abolished by feelings of, for
example, fear.
Treating back pain with spinal manipulative therapy
Although back pain is common and frequently distressing,
and many therapies have arisen to treat it, musculoskeletal
pain remains difficult to diagnose and treat. Spinal ma-
nipulative therapy (SMT) is one common treatment for
musculoskeletal pain. One class of SMT involves a high-
velocity, low-amplitude (HVLA) manipulation frequently
used by chiropractors. HVLA treatments are mechanical
events. They cause slight momentary deformations of the
spine and surrounding soft tissues, and often elicit a
cracking sound thought to be brought about by cavitation
of spinal facet joints [9-11]. It is common to differentiate
manipulation from mobilization. In the latter case, the
joint is not taken beyond its passive limit. Rather
mobilization can be described as a passive and perhaps re-
petitive stretch. Manipulation, on the other hand, carries
the vertebrae beyond the normal physiological range of
movement without exceeding the boundaries of anatomic
integrity [11]. However, the distinction between manipula-
tion and mobilization is probably not that clear, and it has
been shown that cavitation is not necessary for SMT to
exert a clinical effect [12-16]. The term SMTcan therefore
be used to describe various types of manual therapy (MT).
The possible mechanisms of spinal manipulative therapy
in back pain
Clinical experience indicates that both HVLA and
mobilization, and also other types of manual therapy
(MT), can have an immediate effect on pain. The litera-
ture also suggests that SMT has a direct neurological
pain-reducing effect, by evoking one or possibly several of
the physiologic pain-modulating mechanisms described
briefly above. Indeed, there could be a combination of
mechanisms or a number of these acting on different
causes of pain. In this article we shall concentrate on the
possible direct effect of SMT on pain. There are three
possible levels of this hypothesized direct effect of SMT
on pain, i.e. local, regional or central.
Local pain reducing effect
One theory is that SMT would have a pain-reducing ef-
fect primarily at the level of the manipulation, i.e. at a
specific spinal level. In all, this phenomenon would
probably be the result of a mix of different mechanisms.
For example, SMT may mechanistically act to decrease
the sensitivity of the muscle spindles and/or the various
segmental sites of a reflex pathway [17].
Regional pain reducing effect
Another possibility is that SMT could have a regional ef-
fect, although still at the spinal level of the manipulative
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input. Some authors suggest an effect on the dorsal horn
of the spinal cord [18] or on the periaqueductal grey
area [19-21]. SMT is also thought to affect reflex neural
outputs to both muscle and visceral organs by affecting
both paraspinal muscle reflexes and motoneuron excit-
ability [22].
Central pain reducing effect
Recently, it has been hypothesized that SMT reduces the
potential for central sensitization by inhibiting TSS (“sec-
ond pain”) [23]. One mechanism underlying the effects of
SMT may be the ability of manipulation to alter central
sensory processing by removing subthreshold mechanical
or chemical stimuli from paraspinal tissues [22].
Conflicting literature
Also a comprehensive model of mechanisms of manual
therapy in the treatment of musculoskeletal pain has been
suggested [24] consisting of a cascade of neurophysio-
logical responses from the peripheral and central nervous
systems which are then responsible for the clinical out-
comes. In other words, the literature offers many possible
mechanisms and combinations of mechanisms to explain
the pain-reducing effect of SMT. In fact, there is a lot of
information available in the literature on this topic. How-
ever, the literature is difficult to grasp and conflicting be-
cause it consists of a mixture of discussions, hypotheses,
and studies employing different designs, methods and
outcome variables. Therefore, there is a need for system-
atic and critical literature reviews in order to establish the
evidence-base for various theories relating to the direct or
indirect reduction of pain following SMT. A first step
might be to establish the weight of evidence in relation to
whether pain is indeed dampened by the application of
SMT to the spinal structures.
Aims and objectives
Therefore, in this systematic critical literature review we
shall examine the effect of spinal manipulation on ex-
perimentally induced pain in healthy study subjects con-
centrating on the possible direct effects of SMT on pain
at three levels, i.e. local, regional or systemic. Because
different types of pain may travel through different path-
ways, these were studied separately.
The specific research questions were:
1- Does SMT reduce pain provoked by pressure?
2- Does SMT reduce pain provoked by temperature?
3- Does SMT reduce pain provoked by methods other
than pressure and temperature?
4- Does SMT reduce experimentally induced pain at
the spinal segment where it is performed?
5- Does SMT reduce experimentally induced pain in
the spinal region where it is performed?
6- Does SMT have a systemic (global) effect on
experimentally induced pain?
Methods
In order to obtain answers to the questions above, we
undertook a systematic critical literature review, which
commenced with a systematic literature search of
PubMed, Mantis, and the Cochrane Library using spe-
cific search terms. These search terms were: Spinal
manipulation pain: ("manipulation, spinal"[MeSH Terms] OR
("manipulation"[All Fields] AND "spinal"[All Fields]) OR "spinal manip-
ulation"[All Fields] OR ("spinal"[All Fields] AND "manipulation"[All
Fields])) AND ("pain"[MeSH Terms] OR "pain"[All Fields]) ; Chiro-
practic manipulation pain: ("manipulation, chiropractic"[MeSH
Terms] OR ("manipulation"[All Fields] AND "chiropractic"[All Fields]) OR
"chiropractic manipulation"[All Fields] OR ("chiropractic"[All Fields] AND
"manipulation"[All Fields])) AND ("pain"[MeSH Terms] OR "pain"[All
Fields]) ; Spinal manipulation experimental pain: ("manipula-
tion, spinal"[MeSH Terms] OR ("manipulation"[All Fields] AND "spina-
l"[All Fields]) OR "spinal manipulation"[All Fields] OR ("spinal"[All Fields]
AND "manipulation"[All Fields])) AND experimental[All Fields] AND
("pain"[MeSH Terms] OR "pain"[All Fields]) ; and Chiropractic ma-
nipulation experimental pain: ("manipulation, chiropractic"[MeSH
Terms] OR ("manipulation"[All Fields] AND "chiropractic"[All Fields])
OR "chiropractic manipulation"[All Fields] OR ("chiropractic"[All Fields]
AND "manipulation"[All Fields])) AND experimental[All Fields] AND
("pain"[MeSH Terms] OR "pain"[All Fields]).
Inclusion and exclusion criteria (see Additional file 1)
were applied by the first author to the titles and
abstracts of the studies identified in the search. Once
most selected articles were retrieved, a citation search
was made based on the retrieved articles’ reference lists.
All articles selected were reviewed separately by two dif-
ferent authors blinded to each other’s evaluations. Each
author separately extracted data from every article
according to a checklist. Data were later compared in
order to minimize extraction errors. The fourth author
would arbitrate any disagreement between the two
reviewers. An ongoing search was performed until De-
cember 31, 2011 and the review process was repeated
when new articles were found.
A table was constructed in order to describe the
selected articles, as shown in Table 1.
Articles are presented consecutively by year of publica-
tion and identified by a number corresponding to its
reference in the first column of each table. As we were
unable to locate a suitable quality check-list for this type
of research, a second set of criteria was developed in
order to evaluate the quality and risk of bias in this type
of research. We designed this checklist based on con-
cepts presented in the PRISMA statement [25], the
CONSORT statement [26] and Cochrane guidelines [27]
bearing in mind that there can be no general recipe for
such work, as review procedures have to be topic
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Table 1 Descriptive items used in a systematic critical literature review on the effect of SMT on pain
Reference Year Authors Title Location Setting n° of
subjects
n° males
[37] 2011 Josue Fernández-Carnero,
Joshua A. Cleland and
Roy La Touche Arbizu
Examination of motor and hypoalgesic effects of
cervical vs thoracic spine manipulation in patients with
lateral epicondyalgia: a clinical trial.
Spain University 18? 8
[42] 2011 V. Maduro de Camargo,
F. Alburquerque-Sendín,
F. Bérzin, Vinicius Cobos Stefanelli,
D. P. Rodrigues de Souza and
C. Fernández-de-las-Peñas,
Immediate effects on electromyographic activity and
pressure pain thresholds after a cervical manipulation
in mechanical neck pain: a randomized controlled trial.
Brazil University 37 21
[23] 2011 Mark D. Bishop, Jason M. Beneciuk,
Steven Z. George;
Immediate reduction in temporal sensory summation
after thoracic spinal manipulation.
USA University 90 24
[28] 2010 Benjamin Soon, Annina B. Schmid,
Elias J. Fridriksson, Elizabeth Gresslos,
Philip Cheong and Anthony Wright;
A crossover study on the effect of cervical mobilization
on motor function and pressure pain threshold in
pain-free individuals.
Australia University 24 13
[29] 2010 Oliveira-Campelo NM,
Rubens-Rebelatto J, Martín-Vallejo FJ,
Alburquerque-Sendí N F,
Fernández-de-Las-Peñas C.
The immediate effects of atlanto-occipital joint manipulation
and suboccipital muscle inhibition technique on active
mouth opening and pressure pain sensitivity over latent





[44] 2010 Elaine Willett, Clair Hebron and
Oliver Krouwel
The initial effects of different rates of lumbar mobilizations
on pressure pain thresholds in asymptomatic subjects.
UK University 30 8
[38] 2009 P. Mansilla-Ferragut,
C. Fernández-de-las Peñas,
F Alburquerque-Sendin, J. A. Cleland
and JJ Boscá-Gandia
Immediate effects of atlanto-occipital joint Spain Osteopathic school 37 0
Manipulation on active mouth opening and pressure pain
sensitivity in women with mechanical neck pain.
[30] 2009 Oliver Thomson, Lesley Haig,
Hazel Mansfield
The effects of high-velocity low-amplitude thrust
manipulation and mobilization techniques on pressure pain




UK School British College
[43] 2009 Oliver Krouwel , Clair Hebron, Elaine Willett An investigation into the potential hypoalgesic effects of
different amplitudes of PA mobilizations on the lumbar
spine as measured by pressure pain thresholds.
















Table 1 Descriptive items used in a systematic critical literature review on the effect of SMT on pain (Continued)
[18] 2009 Joel E. Bialosky, Mark D. Bishop,
Michael E. Robinson, Giorgio Zeppieri Jr,
Steven Z. George
Spinal manipulative therapy has an immediate effect on
thermal pain sensitivity in people with low back pain:
a randomized controlled trial.
USA University 36 10
[19] 2008 J. Fernández-Carnero,
Cesar Fernández-de-las-Peñas, and
Joshua A. Cleland
Immediate hypoalgesic and motor effects after a single





[39] 2008 C. Fernández-de-las-Peñas, C. Alonso-Blanco,
J. A. Cleland, C. Rodriguez-Blanco
and F.Alburquerque-Sendin
Changes in pressure pain thresholds over C5-C6
zygapophyseal joint after a cervicothoracic junction





[20] 2007 M. Ruiz-Sáez, C. Fernández-de-las-Peñas,
C. Rodriguez Blanco, R. Martinez-Segura
and R. Garcia-León
Changes in pressure pain sensitivity in latent myofascial trigger
points in the upper trapezius muscle after a cervical spine
manipulation in pain-free subjects.
Spain Osteopathic school 72 27
[31] 2007 Fernández-de-las-Peñas C,
Pérez-de-Heredia M, Brea-Rivero M,
Miangolarra-Page JC.
Immediate effects on pressure pain threshold following a
single cervical spine manipulation in healthy subjects.
Spain Universities 15 7
[34] 2007 Hamilton L, Boswell C, Fryer G The effects of high-velocity, low-amplitude manipulation
and muscle energy technique on suboccipital tenderness.
Australia University 90 29
[36] 2006 George SZ, Bishop MD, Bialosky JE,
Zeppieri G Jr, Robinson ME.
Immediate effects of spinal manipulation on thermal
pain sensitivity: an experimental study.
USA University 60 20
[40] 2004 P.Mohammadi, A. Gonsalves, Chris Tsai,
T. Hummel and Thomas Carpenter
Areas of capsaicin-induced secondary hyperalgesia and
allodynia are reduced by a single chiropractic adjustment:
preliminary study.
USA Universities 20 14
Germany
[35] 2004 Fryer G, Carub J, McIver S. The effect of manipulation and mobilization on pressure pain
thresholds in the thoracic spine.
Australia University 96 39
[21] 2001 M. Sterling, G. Jull, A. Wright Cervical mobilization: concurrent effects on pain, sympathetic
nervous system activity and motor activity.
Canada University 30 14
[32] 1998 Bill Vicenzino, David Collins
and Anthony Wright
An investigation of the Interrelationship between manipulative
therapy-Induced hypoalgesia and sympathoexcitation.
Australia University 24 11
[33] 1996 Bill Vicenzino, David Collins
and Anthony Wright
The initial effects of a cervical spine manipulative physiotherapy
treatment on the pain and dysfunction of lateral epicondyalgia.
Australia University 15 7
[41] 1984 Terrett AC, Vernon H. Manipulation and pain tolerance. A controlled study of the
effect of spinal manipulation on paraspinal cutaneous pain
tolerance levels.
Canada Chiropractic college 50 ?
T° = temperature.
Table 1 Descriptive items used in a systematic critical literature review on the effect of SMT on pain






















Table 1 Descriptive items used in a systematic critical literature review on the effect of SMT on pain (Continued)















16 18 – 42 - SMT C5-C6 Pressure Analogue algometer Before and after University workers Yes
- Control





11 34 +/−12 - Mobilization Pressure Digital algometer Before and after Students Yes
- Manual contact control
- Control





22 33.05 (18–57) - 2 Hz Pressure Electronic algometer Base 11 naive physiotherapists
19 non naive
Yes
- 1 Hz + 48 h
- Quasi stable + 48 h




21 27 - unilateral HVLAT Pressure Pressure algometer Before and after Students Yes
- Spinal lumbar mobilization
- Sham laser procedure
21 26,43 (SD 4,92) - Large oscillation (force applied) Pressure Digital algometer Baseline before




- Small oscillation quasi static






- Back extension exercise
5 42 (SD6) - Manipulative session T° and pressure Electronic algometer Before and after Patients Yes
















Table 1 Descriptive items used in a systematic critical literature review on the effect of SMT on pain (Continued)
17 26 (SD 5) - Manipulative thrust right side C7-T1 Pressure Algometer Before and after General population Yes
- Manipulative thrust left side C7-T1
- Sham-manual procedure
46 31 (SD10) - Manipulative Pressure Mechanical algometer Baseline before





8 21 +−2 - Manipulation Pressure Mechanical algometer Before 5 min
after intervention
Students Yes
- Placebo 3 sessions separated
by 48 h
- Control
61 23 +/−5 - SMT (C0- C1) Pressure Electronic algometer Before and after Students Yes
- Muscle energy technique
- Control
40 24.03(SD 3.2° - SMT T° Medoc neurosensory
analyzer
Before and 5 min after Students Yes
- Lumbar ext exercise
- Bicycle riding
6 27 (21–37) - SMT Cutaneous capsaicin Visual Analogue Scale Before and 20 min
after after
Healthy volunteers,
mostly naive to SMT
Yes
- Non-SMT
57 19-34 - SMT T2-T4 Pressure Electronic algometer Before and after Students Yes
- Mobilisation
- Control
16 35.7 (SD 14.92) - SMT Pressure / T° Visual Analogue Scale,
electronic algometer





13 49.0 (27–70) - Mobilization C5-C6 Pressure / T° Visual Analogue Scale,
digital algometer
Before and after Patients epicond
6.2 +/− 5.1 months
Yes
- Manual contact placebo
- Nothing
8 44 +/−2 - Treatment Pressure Visual Analogue Scale
digital algometer
Before and after Patients epicond




? 28.6 - Thoracic manipulation Electrical induction Thresholds Before and after Chiropractic students No
- Control group
Table 1 Descriptive items used in a systematic critical literature review on the effect of SMT on pain



































specific. The items selected for the quality checklist and
their rationale have been described in Additional file 2.
The risk of bias was assessed following the criteria sug-
gested by the method guidelines for systematic reviews
of trials of treatments for neck and back pain by Furlan
et al [27] (see items 1, 2, 4, 6, 9, and 11 in Additional file 2).
Additional items were mainly adapted from PRISMA [25]
(see items 3, 5, 7, 8, 10, 12, and 13). Finally, the outcomes
were noted for each experiment as a positive effect, nega-
tive effect, or no effect.
Classifying articles by their quality
Each article selected was checked for each quality item. By
consensus, we decided to give one point for every criter-
ion, except for the 4 items that we considered as most im-
portant: a- unbiased/blind/naïve study subjects (item 1),
b- random allocation (item 3), c- blinded assessment
(item 9), and d- losses and exclusions (item 11). Each of
these was assigned two points.
A summary quality score was calculated but no cutoff-
point was defined for acceptable or unacceptable level of
quality. This allowed us (and the readers) to use the
quality scores and the information on each individual
quality item as a guide for whether articles would be
considered more or less credible. In other words, the
quality assessment was meant to be flexible.
A post hoc comparison was made between results of
the two quality scores (the total score and the score for
the most important criteria). Using thresholds set at 12/
18 and 4/8 points, respectively, the distributions of stud-
ies with positive and non-positive outcomes were com-
pared for the two scales and in relation to whether the
studies were of higher or lower quality.
Data synthesis
The data tables were used, in a systematic fashion, to
obtain answers to our research questions. This was
done by highlighting relevant information to facilitate a
visual representation (green=positive outcome, red =non-
positive outcome) to make interpretation easier. Finally,
studies were sorted in descending order starting with
those with the highest total quality score out of 18.
Results were thereafter interpreted and reported in a nar-
rative fashion. If high and low quality studies generally
obtained similar outcomes, we assumed that the poorer
quality studies provided supporting evidence for the bet-
ter studies. If, however, it was mainly the poorer quality
studies which obtained positive findings, particularly if
the assessors were not blinded or the study subjects could
have been biased, then we would be more cautious in our
interpretation of the results.
Because we decided not to use a scoring system to es-
tablish level of quality, we have not defined discrete
levels of evidence.
Results
In all, 1279 titles satisfying the inclusion criteria were
identified in the initial PubMed search. Other database
search results were as follows: a- Spinal manipulation
pain: 1276 results in Pubmed, 10 in Mantis and 9
Cochrane Reviews. b- Chiropractic manipulation pain:
806 results in Pubmed, 2 in Mantis and 5 Cochrane
Reviews. c- Spinal manipulation experimental pain: 63
results in Pubmed, 0 in Mantis and 13 Cochrane
Reviews. d- Chiropractic manipulation experimental
pain: 28 results in Pubmed, 0 in Mantis and 0 Cochrane
Reviews. Only 5 articles were added after an additional
search of reference lists.
All articles found in the Mantis and Cochrane data-
bases were already identified via the Pubmed searches.
Of the 1279 references, 116 were retrieved in full text
for further scrutiny.
Description of studies
Upon scrutinizing the full texts, 22 articles were found to
fulfill the inclusion criteria. They described 43 experiments:
27 with pain produced by pressure, 9 by temperature, 3 by
capsaicin, 2 examined spontaneous pain, 1 used a
stretch test to produce pain and 1 used electrically
induced pain. All were controlled trials published in
English. Detailed information is presented in Table 1
and briefly summarized below.
Three research groups were responsible for 13 publi-
cations. They did not seem to have repeatedly used the
same study samples but appeared to have reported on
different study populations for the various studies. In
most cases (n = 18), experiments were carried out totally
or partially in universities. The number of subjects ran-
ged from 10 to 122. Six articles used patients as study
subjects; most of the others included non-clinical popu-
lations, often students. There were no studies with ani-
mals fulfilling our inclusion criteria.
Most of experiments (n = 20) used external control
groups. Twelve of them used three groups: a treat-
ment, a placebo and a control group in which no ac-
tion was taken - noted in tables as “nothing” (studies
[21,23,28-35]). Studies [18,36] used bicycle exercise as
their control activity. Seven studies ([19,20,37-41]) used
a sham procedure as their control treatment, whereas
study [42] compared the treatment group to a control
group without a sham procedure. Two studies used only
internal control groups; [43] and [44] compared three
different types of mobilization.
Data synthesis: Quality of studies
There were no disagreements between reviewers on the
scoring of the manuscripts based on the checklists.
Table 2 summarizes the quality items for each article.
The quality and risk of bias assessment of studies
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reviewed revealed them to be relatively homogeneous,
with the summary scores ranging between 8 and 16 out
of 18 points, with mean and median summary scores of
12.2 and 13, respectively.
Of the various quality items that we scrutinized, all
studies fulfilled the criteria on the validity of the out-
come variable, all had measured the pain before and
after the intervention, all had provided some estimate of
the results in tables, graphs or text, and all had tested
their results for statistical significance. The ANOVA was
used for factorial designs in all studies in order to test
how variables interacted or combined.
Other checklist items were not always fulfilled. Of the
four quality criteria that we considered particularly im-
portant, namely unbiased/blind/naïve study subjects
(item 1), random allocation (item 3), blinded assessment
(item 9), and losses and exclusions (item 11), the first
two were commonly satisfied (in 15 and 17 papers, re-
spectively), whereas using unbiased/blind/naïve study
subjects and accounting for losses and exclusions were
ignored in many studies (present in 7 and 5, respect-
ively). Five of the reviewed articles ([18,23,36,43,44])
should be considered with care since their assessments
of outcomes were not blinded.
Seven articles did not mention if the allocation of
study subjects to each group was randomized. As it was
not our intention to penalize unfairly articles that used a
randomized allocation without mentioning it, we identi-
fied the numbers of individuals in each group in these
reports (see Table 3). Articles [19,32,33] did not provide
the number of subjects in each experimental group. The
others (except [30]) showed a more even distribution
than one could expect with a proper randomization pro-
cedure. We therefore assumed that the fact that authors
did not discuss the randomization procedure, in most
cases, reflected the fact that it had not occurred.
In our review, we did not set a threshold for acceptable/
unacceptable quality but displayed the articles in descend-
ing order from the highest to the lowest score. Neverthe-
less, in Table 2a, we compared the spread of articles when
using the total score (18 point scale, see Table 2) and the
scale based on four high-priority items (8 point scale, see
Table 2b). With levels of “acceptance” provisionally set at
12/18 and 4/8, respectively, all articles, with one excep-
tion, obtained the same classification of acceptable or not,
regardless of the system used. We interpreted this con-
cordance as a confirmation of the robustness of the qual-
ity and risk of bias assessment.
In addition to the quality issues identified in this re-
view, the authors themselves have in some instances dis-
cussed the limitations of their own studies (see Table 4).
A meta-analysis was not attempted because the het-
erogeneity of studies on pain provoking methods, units
of measurements, areas of the body where experiments
were performed, and local, regional of systemic assess-
ments of the effects of SMT.
Data synthesis: Answers to research questions
Herein, each research question is dealt with one at a time,
and for each, we refer to a table summarizing the results
in order of quality of the study. If one study contains sev-
eral experiments, they have all been reported individually
in the appropriate section of the review. Table 5 presents
studies grouped by their results, showing in the upper
panels those that presented a hypoalgesic action and, in
the lower panels, those that did not. Papers are also sepa-
rated by the research question, i.e. local, regional or sys-
temic effect. Table 6 summarizes for each article the
effect of SMT on pain, the site where SMT was per-
formed and the location of the pain. This table also shows
values reported, whether the effect was local, regional or
systemic, whether the effects were ipsilateral or contralat-
eral, whether an effect occurred above or below the site of
manipulation, and the type of pain induced.
In the majority of experiments (28/43), SMT reduced
pain. Outcomes were not dependent on whether quality
scores were high or low. These studies demonstrate a
clear hypoalgesic effect of SMT (see Table 5a). For spe-
cific results, see below.
1. Does SMT reduce experimentally induced pain
provoked by pressure? There were 27 experiments
performed on pressure pain. Nineteen of these
showed manipulation to increase pressure pain
thresholds (PPT). There was no obvious link
between the reported polarity of the effect and the
quality of the studies. Changes produced by SMT
were in general statistically significant. Differences in
PPT values (before/after SMT), when reported as
percentages ranged between 4.8% (in [28]) and
44.2% (in [19]). Other units of measurement were
also used making it difficult to summarize with a
single parameter the size of the effect. For detailed
information, see Tables 6 and Additional file 3.
2. Does SMT reduce experimentally induced pain
provoked by temperature? There were 9 experiments
on pain induced by temperature, only 3 of which
showed a hypoalgesic action for SMT: studies
[18,23,36] found that SMT relieves pain provoked by
temperature and therefore transmitted by C-fibers.
The other experiments (n = 6) did not show
significant differences in relation to SMT. Three of
these tested first pain (Aδ fiber system) and the other
three tested TSS (C-fiber system). There was no
obvious link with the quality of studies. For values and
detailed information, see Table 6 and Additional file 4.
3. Does SMT reduce experimentally induced pain
provoked by methods other than pressure and
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Yes = 2 pts
No= 0 point
Points Yes = 1 point
No= 0 point
Points Pilot study = 1 pts
or ,Ref are
given = 1 pt or, it's
reproducible = 1 pt




after = 1 point
only after = 0 point
Points Yes = 2 pts
No= 0 point
Points > 1= 1 point
1 = 0 point
Points Naive to tx and blind
(sham manip) = 2 pts
Naive or blind = 1 point
Not naive and not
blind = 0 pt
[39] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Blind
[21] Yes 2 No 0 Reproducible 1 Before and after 1 Yes 2 3 1 Naive and blind
[31] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Blind
[42] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Blind
[29] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Naive
[44] No 0 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Naive and blind
[38] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Blind
[34] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Naive
[35] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Naive
[37] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Nothing
[28] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Naive and blind
[43] No 0 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Naive and blind
[20] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 3 1 Blind
[40] Yes 2 No 0 Reproducible 1 Before and after 1 Yes 2 2 1 Naive and blind
[18] No 0 Yes 1 Ref given 1 Before and after 1 Yes 2 2 1 Nothing
[19] Yes 2 No 0 Ref given 1 Before and after 1 No 0 3 1 Blind
[32] Yes 2 No 0 Ref given 1 Before and after 1 No 0 3 1 Naive and blind
[30] Yes 2 No 0 Ref given 1 Before and after 1 No 0 3 1 Blind to sham laser
[36] No 0 Yes 1 Ref given 1 Before and after 1 Yes 2 10 1 Nothing
[41] Yes 2 No 0 Ref given 1 Before and after 1 Yes 2 1 0 Nothing
[33] Yes 2 No 0 Ref given 1 Before and after 1 No 0 3 1 Naive and blind

















Table 2 Quality criteria of articles selected for a systematic critical literature review on the effect of SMT on pain (Continued)
Study
subjects:











Points Same person= 1 point
Experienced person
(> 5 years) = 1 point
Points
(max 2 pts)
Yes = 1 point
No= 0 point
Points Yes = 2 pts
No= 0 point
Points same day or T°
controlled or same
time= 1 point different
day and T° or time not
controlled = 0 point
Points Yes = 1 point
No= 0 point
Points Yes = 1 point
No= 0 point
Points Min = 0
Max = 18
1 Same and experienced 2 Yes 1 Yes 2 Same day 1 Yes 1 Yes 1 16
2 Same and experienced 2 Yes 1 No 0 Same day 1 Yes 1 Yes 1 15
1 Experienced 1 Yes 1 Yes 2 T controlled 1 Yes 1 Yes 1 15
1 Same and experienced 2 Yes 1 No 0 Same day 1 Yes 1 Yes 1 14
1 Same and experienced 2 Yes 1 No 0 Same day 1 Yes 1 Yes 1 14
2 Same and experienced 2 Yes 1 Yes 2 More 48 H, no control T° 0 Yes 1 Yes 1 14
1 Same and experienced 2 Yes 1 No 0 Same day 1 Yes 1 Yes 1 14
1 Same and experienced 2 Yes 1 No 0 Same day? 1 Yes 1 Yes 1 14
1 Same and experienced 2 Yes 1 No 0 Same day? 1 Yes 1 Yes 1 14
0 Same and experienced 2 Yes 1 No 0 Same day 1 Yes 1 Yes 1 13
2 Experienced 1 Yes 1 No 0 More 48 H, no control T° 0 Yes 1 Yes 1 13
2 Same 1 Yes 1 Yes 2 More 3 days, no control T° 0 Yes 1 Yes 1 13
1 Experienced 1 Yes 1 No 0 Same day 1 Yes 1 Yes 1 13
2 Experienced 1 Yes 1 No 0 More 7 days, no control T° 0 Yes 1 Yes 1 13
0 Nothing 0 Yes 1 Yes 2 Same day 1 Yes 1 Yes 1 12
1 Same and experienced 2 Yes 1 No 0 More 48 H, no control T° 0 Yes 1 Yes 1 11
2 Nothing 0 Yes 1 No 0 More 3 days, control T° 1 Yes 1 Yes 1 11
1 Nothing 0 Yes 1 No 0 Same day 1 Yes 1 Yes 1 10
0 Nothing 0 Yes 1 No 0 Same day 1 Yes 1 Yes 1 10
0 Nothing 0 Yes 1 No 0 Same day 1 Yes 1 Yes 1 10
2 Nothing 0 No 0 No 0 More 3 days, no control T° 0 Yes 1 Yes 1 9
















temperature? Only 7 tests were performed using
methods other than pressure and temperature to
induce pain. Six of these revealed a statistically
significant hypoalgesic effect induced by SMT. There
did not seem to be a link with the quality of studies.
For values and detailed information, see Tables 6 and
Additional file 5.
4. Does SMT reduce experimentally induced pain in
the spinal segment where it is performed? Twenty
experiments investigated whether SMT reduces
experimentally induced pain in the spinal segment
where it is performed. Twelve of them showed a
hypoalgesic effect. The other eight presented no
significant effects. Of these, study [28] tested the
hypoalgesic action of an anterior-posterior
mobilization and not a lateral maneuver, as is usually
the case in SMT. In study [20], there was no effect
immediately after SMT, but an effect was
demonstrable five and ten minutes later. In studies
[19,31] differences between sides were studied, but
no difference was found. Outcomes did not relate to
the quality score. For detailed information, see
Tables 5 and 6.
5. Does SMT reduce experimentally induced pain in
the same region where it is performed? Nine
experiments reported a regional effect of SMT on
pain. Only one study failed to obtain a hypoalgesic
effect. In this, thoracic manipulation was used as a
sham treatment versus cervical manipulation to
evaluate the action on elbow PPT. There did not
seem to be a link between treatment effects reported
and the quality of studies. For detailed information,
see Table 5 and 6.
6. Does SMT have a systemic effect on experimentally
induced pain? Nine experiments evaluated this
hypothesis. None of them had blinded assessors,
which makes the results uncertain. Five of them
demonstrated a systemic action of SMT on pain, but
four of them did not show significant differences
between treatment groups. Three of these four
(studies [18,23,36]) evaluated first pain transmitted by
Aδ fibers. There did not seem to be a link between
treatment effects reported and the quality of studies.
For detailed information, see Tables 5 and 6.
Additional observations
1. No article presented any data on the duration of the
pain reduction. Studies [43,44] concluded that the hypoal-
gesic effect was unrelated to the amplitude of the manual
procedure, whereas [30] concluded that mobilization had
a stronger effect than manipulation.
2. Four studies ([29,35,36,40]) applied the SMT to a
point on the spine thought to be in need of treatment, i.e.
at what was considered to be a dysfunctional spinal seg-
ment (manipulable lesion/fixation/subluxation), whereas
in all other studies the exact location of SMT was prede-
termined without reference to local signs or symptoms.
However, hypoalgesic results were observed regardless of
whether the treatment was provided in a “clinical” fash-
ion, i.e. where the patient would have what the clinician
considered a dysfunctional segment, or if the manipula-
tion was given in a predetermined area.
3. In two studies ([20,29]) the investigators searched
for so-called trigger points.
4. Five articles ([19,31,37,39,42]) assessed whether the
effect of SMT was only on the ipsilateral side of the im-
pulse or if it was also noted on the contra-lateral side.
None of the trials found a side-specific effect.
5. Several reports (N= 9) made reference to the “crack”
([18-20,23,29,37-39,42]), which is thought to occur when
a joint is cavitated [14]. If no cavitation was obtained, a
second manipulation would be given. There was no ob-
vious difference in results between studies that concen-
trated on the crack and those that did not. However,
none studied that issue specifically, making it impossible
to know whether all study subjects were “cracked” or
not.
Table 2a A comparison between total scores obtained
from two different scales (8 point scale and 18 point scale)























Articles scoring < 4/8 or < 12/18 are shown in red.
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6. Regarding whether the effect could be noticed above
or below the segment where the SMT was performed,
results lacked consistency. In two of the studies
([23,39]), an effect was noted below the area of treat-
ment. Studies [39,44] showed an effect above the area of
treatment, whereas two of the studies ([36,37]) did not
detect an effect above or below the relevant segment.
7. Outcomes were not affected by whether the control
group received a sham treatment or no treatment at all.
8. In 10 of the experiments (5 articles), patients with
current pain were included ([18,19,21,32,33]). Three of
these experiments ([19,21,32]) found increased PPT
values after SMT. Article [33] showed relief of pain on
stretching painful muscles after SMT but not relief of
spontaneous pain, whereas article [21] reported that
spontaneous pain was diminished by SMT. Articles
[18,19] evaluated temperature-induced pain with similar
results, that is to say there was a hypoalgesic action on
second pain [18], no action on first pain [18] and no ac-
tion in 2 trials on TSS.
Discussion
Summary of results
At the time of conducting this review, only one earlier
systematic review was available on this subject. It exam-
ined 11 articles but was unable to draw conclusions
regarding treatment effects [45]. For the present review,
however, it was possible to identify 22 relevant articles,
which made it possible to draw several conclusions in
relation to the possible pain-reducing effect of SMT.
Table 2b Four main quality criteria of articles from literature review on effect of SMT on pain –maximum score 8 points




Study subjects: Were losses and
exclusions reported?
Total points
Yes = 2 pts Points Yes = 2 pts Points Naive to tx and blind Points Yes = 2 pts Points Max= 8 Min= 0
[31] Yes 2 Yes 2 Blind 1 Yes 2 7
[28] Yes 2 Yes 2 Naive and blind 2 No 0 6
[44] No 0 Yes 2 Naive and blind 2 Yes 2 6
[43] No 0 Yes 2 Naive and blind 2 Yes 2 6
[40] Yes 2 Yes 2 Naive and blind 2 No 0 6
[21] Yes 2 Yes 2 Naive and blind 2 No 0 6
[39] Yes 2 Yes 2 Blind 1 Yes 2 6
[42] Yes 2 Yes 2 Blind 1 No 0 5
[29] Yes 2 Yes 2 Naive 1 No 0 5
[38] Yes 2 Yes 2 Blind 1 No 0 5
[20] Yes 2 Yes 2 Blind 1 No 0 5
[34] Yes 2 Yes 2 Naive 1 No 0 5
[35] Yes 2 Yes 2 Naive 1 No 0 5
[37] Yes 2 Yes 2 Nothing 0 No 0 4
[18] No 0 Yes 2 Nothing 0 Yes 2 4
[32] Yes 2 No 0 Naive and blind 2 No 0 4
[33] Yes 2 No 0 Naive and blind 2 No 0 4
[41] Yes 2 Yes 2 Nothing 0 No 0 4
[30] Yes 2 No 0 Blind to sham laser 1 No 0 3
[19] Yes 2 No 0 Blind 1 No 0 3
[36] No 0 Yes 2 Nothing 0 No 0 2
[23] No 0 No 0 Nothing 0 No 0 0
Articles scoring≤ 4/8 pts.
Table 3 Distribution of subjects in study groups in






[23] 60 30 30 30
[39] 30 10 10 10
[19] 10 ? ? ?
[31] 15 7 8 -
[33] 18 ? ? ?
[30] 50 19 18 13
[32] 24 ? ? ?
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Thus our results indicate clearly that such an effect is
achievable.
However, differences in effect exist according to
whether the outcome is tested locally, regionally or sys-
temically. An effect was clearly shown locally and re-
gionally, whereas an effect is less clear in more distant
parts of the body. Also the outcome differs according to
the method of pain induction; pain induced by pressure,
electricity, stretching of painful tissue, dermal irritation,
and spontaneous pain all respond to SMT, whereas
temperature-induced pain does not always respond.
Methodological considerations of our own review
One limitation of this review is that there is no generally
accepted and validated quality check list for the type of ex-
perimental studies which we examined and so we had to
select our own quality criteria, based on some basic meth-
odological concepts important to our research questions.
Such a check list can be modified, which could affect the
overall quality assessment. According to our quality scor-
ing system, studies scored between 8 and 16 points out of
a possible 18. However, in order to discriminate better be-
tween studies, a more detailed scale could have resulted in
different scores, which could perhaps have separated stud-
ies into more obviously “good” and “bad”. However, the
relevance, if any, of these quality items in relation to out-
come, is not known and, in fact, the quality scores were
not clearly associated with outcomes.
The strengths of this review are that the search for
relevant articles was free of language bias, that the con-
stituent articles were reviewed independently by two
reviewers, that the results can be considered in relation
to the quality of studies, that there was no arbitrary
threshold for acceptable quality [46], that the check list
tables are sufficiently detailed to allow readers to per-
form their own analysis of the information provided, and
that there was a relatively large number of studies, mak-
ing it possible to examine several research questions.
Table 4 Limitations to own studies given by authors of
articles reviewed for the effect of SMT on pain
Limitations given by authors
[37] Short term effect. Unable to project results on duration.
Small sample of patients.
Did not include control group.
[42] 4 different muscle situations assessed (rest, isotonic contraction and
2 isometric contractions) (Is it enough?)
Duration (only immediate effect assessed).
Pop sound may have a placebo effect.
[23] Healthy subjects.
Unable to describe duration of effects.
[28] Pain-free patients.
Style, contacts or force used in the mobilization procedures.
[29] Duration. Unable to project results on duration.
Widespread to other areas?
Subthreshold pain stimulation, what about real pain?
Latent trigger points, subjects who may not
be typical population.
Control group did not receive an intervention; maybe pop sound
has a placebo effect.
[44] Lack of control and placebo groups.
Short term effect. Unable to project results on duration.
Did not take into account subject innate stiffness.
[38] Short term effect. Unable to project results on duration.
Placebo effect of cavitation.
Only women.
[30] Algometer was not very precise.
[43] -
[18] Assessment not blind.
Chronic low back pain.
Temporal summation as an indirect measure of central sensitization
has been proven only in animals.
[19] Short term effect. Unable to project results on duration.
Possible placebo effect of cavitation.
Small sample of patients.
[39] Short term effect. Unable to project results on duration.
Not patients.
Possible placebo effect of cavitation.
PPT
[20] Short term effect. Unable to project results on duration.
Placebo effect of cavitation.
Healthy people, not patients.
[31] Short term effect. Unable to project results on duration.
Possible placebo effect of cavitation.
Healthy people, not patients.
Table 4 Limitations to own studies given by authors of
articles reviewed for the effect of SMT on pain (Continued)
[36] Short term effect. Unable to project results on duration.
Possible placebo effect of cavitation.
Healthy people, not patients.
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Methodological considerations for the studies under
review
This review identified some common methodological
problems, such as lack of blinded assessment that could
weaken the evidence in these experimental studies. We
considered one of the most important points to be that
the assessor was blinded, to avoid expectation bias.
Some studies ignored this issue. This aspect affected our
interpretation of the systemic effect of SMT, as all five
articles (10 trials) dealing with the systemic effects of
SMT lacked a blinded assessor.
It is also important that the results be truthfully pre-
sented, and not exaggerated in some way, meaning that
any subjects or data excluded from analysis should be
accounted for. This was often ignored.
Another challenge was that of the control group.
Ideally, the SMT should be matched against a suitable
sham treatment and control procedure, and this was
done in 12 studies. This is difficult with physical
procedures, but several of the other 10 studies tried to
make the best of the situation by selecting naive study
subjects, and in some cases different types of treatment
were compared (such as treatment in two areas of the
spine), in which case no sham treatment would be ne-
cessary. However, whether a proper sham treatment was
used or not, there were no obvious differences in the
results, possibly indicating that the effect is very obvious
and not affected to a large extent by expectations.
Potential confounders of these effects would be anxiety
in general and fear of pain, known moderators of treat-
ment outcomes in clinical practice. However, according
to the three articles in which anxiety and fear of pain
were studied, there were no statistically significant corre-
lations between pain-related cognition, pain thresholds
and the hypoalgesic response to SMT, indicating that the
psychological aspect, considered to be so important in
the perception of pain, perhaps does not come into play
during experimental studies of this type.
Table 5 Effect of SMT on experimentally induced pain by localization of pain reduction
Systemic effect Regional effect Local or same metamere
SMT relieved
pain
[23]* -Cervical SMT/hand- foot T° [42] – C5-C6 SMT / deltoid PPT [37]– C5-C6 SMT/ Elbow PPT
[44]* -Lumbar Mob/hand PPT [29] – Atlantooccipital SMT/masseter PPT [44] – Lumbar mob/ L2 L5 (foot) PPT
[43]* - Lumbar SMT/ deltoid PPT [38] - Atlantooccipital SMT/sphenoid PPT [19] - C5-C6 SMT/ Elbow PPT
[18]* -Lumbar SMT/hand- foot PPT [30] - Lumbar SMT/ 1st segment below PPT [20] – C3-C4 SMT/ Trapezius PPT 5’
[18]* -Lumbar SMT/hand- foot T° [43]* - Lumbar SMT/ L3 PPT [20] – C3-C4 SMT/ Trapezius PPT 10’
[36]* -Lumbar SMT/hand- foot T° [39] – C7-T1 SMT/ C5-C6 PPT [31] - C5-C6 SMT/ Elbow PPT
[39] – C7-T1 SMT/ C5-C6 PPT [21] - C5-C6 SMT/ Elbow PPT
[40] – Areas of stroking allodynia
thorax SMT/ forearm
[21] - C5-C6 SMT/ Elbow
spontaneous pain
[40] – Mechanical hyperalgesia
thorax SMT/ forearm
[32]- C5-C6 SMT/ Elbow PPT
[40] – Spontaneous pain thorax
SMT/ forearm
[33] - C5-C6 SMT/ Elbow PPT
[33] –C5-C6 SMT/ Elbow stretch test
[41]- Thoracic SMT/ spinous
process electricity
[35]- Thoracic SMT/ Thoracic PPT
SMT did not
relieve pain
[23]* - Cervical SMT/hand- foot 1st Pain T° [37] – T5-T8 SMT (sham SMT)/ Elbow PPT [42] – C5-C6 SMT / Trapezius PPT
[23]* - Cervical SMT/hand- foot PPT [28]** – C5-C6 Mob(AP)/ C5-C6 PPT
[18]* – Lumbar SMT/hand- foot 1st Pain T° [19] - C5-C6 SMT/ Elbow Cold
[36]* –Lumbar SMT/hand- foot 1st Pain T° [19] - C5-C6 SMT/ Elbow Hot
[20]*** C3-C4 SMT/ Trapezius PPT0’
[32] - C5-C6 SMT/ Elbow Temp PPT
[33] –C5-C6 SMT/ Elbow
spontaneous pain
[34]- C0-C1SMT/ C2 PPT
*Assessment not blinded.
**This was an anterior-posterior mobilization, not lateral as SMT.
***PPT measured just after SMT, but there was a hypoalgesic effect at 5’ and 10’.
T° = temperature.
PPT = pressure pain thresholds.
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Comparison with another systematic review
Some of our results were corroborated by a newly pub-
lished high quality review on this very topic [47]. This
other review included 15 of our articles but, as they did
not put a restriction on duration of symptoms in symp-
tomatic people, they also incorporated 5 articles not
included in our review. They defined effects as occur-
ring “locally” or in “remote” areas, and pooled the
results in all studies for the effects of PPT. They found
the effects on PPT to be small in both areas but never-
theless statistically significant. When the data were sepa-
rated for local and remote effect significance was only
noted for the remote effect. They did not study any
other pain–inducing method nor did they take into con-
sideration the quality of studies, although they did per-
form a quality assessment.
Discussion of findings
Pain provoked by pressure, electricity, stretching of pain-
ful tissue, dermal irritation, or spontaneous pain all re-
spond to SMT.
Experimental pain provoked by pressure was the most
common method used to assess the effect of manipula-
tion (27 out of 43 experiments). Unfortunately, the
reports did not use the same units for reporting
increased tolerance to pressure, making it difficult to
compare outcomes, but SMT was shown to increase
PPT values between 4.8% and 44.6%. That the algometer,
used for this purpose, is a highly reliable method
to measure pain [48] suggests that these results are
robust. However, they cannot necessary be compared
between studies because of different experimental
situations.
Table 5a Effect of SMT on experimentally induced pain by localization of pain reduction in relation to the quality of
studies
Systemic effect Regional effect Local or same metamere
SMT relieved
pain
[23]* -Cervical SMT/hand- foot T° [42] – C5-C6 SMT / deltoid PPT [37] – C5-C6 SMT/ Elbow PPT
[44]* -Lumbar Mob/hand PPT [29] – Atlantooccipital SMT/masseter PPT [44] – Lumbar mob/ L2 L5 (foot) PPT
[43]* - Lumbar SMT/ deltoid PPT [38] - Atlantooccipital SMT/sphenoid PPT K - C5-C6 SMT/ Elbow PPT
[18]* -Lumbar SMT/hand- foot PPT [30] - Lumbar SMT/ 1st segment below PPT [20] – C3-C4 SMT/ Trapezius PPT 5’
[18]* -Lumbar SMT/hand- foot T° [43]* - Lumbar SMT/ L3 PPT [20] – C3-C4 SMT/ Trapezius PPT 10’
[36]* -Lumbar SMT/hand- foot T° [39] – C7-T1 SMT/ C5-C6 PPT [31] - C5-C6 SMT/ Elbow PPT
[39] – C7-T1 SMT/ C5-C6 PPT [21] - C5-C6 SMT/ Elbow PPT
[40]– Areas of stroking allodynia
thorax SMT/ forearm
[21]- C5-C6 SMT/ Elbow
spontaneous pain
[40] – Mechanical hyperalgesia
thorax SMT/ forearm
[32]- C5-C6 SMT/ Elbow PPT
[40] – Spontaneous pain thorax
SMT/ forearm
[33] - C5-C6 SMT/ Elbow PPT
[33] –C5-C6 SMT/ Elbow stretch test
[41]- Thoracic SMT/ spinous
process electricity
[35]- Thoracic SMT/ Thoracic PPT
SMT did not
relieve pain
[23]* - Cervical SMT/hand- foot 1st Pain T° [37] – T5-T8 SMT (sham SMT)/ Elbow PPT [42] – C5-C6 SMT / Trapezius PPT
[23]* - Cervical SMT/hand- foot PPT [28]** – C5-C6 Mob(AP)/ C5-C6 PPT
[18]* – Lumbar SMT/hand- foot 1st Pain T° [19]- C5-C6 SMT/ Elbow Cold
[36]* –Lumbar SMT/hand- foot 1st Pain T° [19] - C5-C6 SMT/ Elbow Hot
[20]*** – C3-C4 SMT/ Trapezius PPT0’
[32] - C5-C6 SMT/ Elbow Temp PPT
[33] –C5-C6 SMT/ Elbow
spontaneous pain
[34]- C0-C1SMT/ C2 PPT
X- : Studies scoring ≤ 12 points on 18 point scale and≤ 4 points on 8 point scale.
X- : Study scoring≤ 4 points on 8 point scale and more than 12 points on 18 point scale.
X *: Studies where the assessor was not blinded.
** This was an anterior-posterior mobilization, not lateral as is usually the case in SMT.
*** Pressure pain thresholds measured just after spinal manipulation, but there was a hypoalgesic effect at 5’ and 10’.
T° = temperature.
PPT = pressure pain thresholds.
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Table 6 Detailed findings from literature review on effect of SMT on pain





[37] The application of a
cervical SMT, but not








Changes PPT in KiloPascals
(differences) PPT Cervical
Thoracic affected side
88.6 (35.1%) 18.6 (0.8%)
unaffected side 95.6 (25.4%)
-40.5 (−0.9%)
Effect within the same
segment..
Used SMT caudal level as
placebo with no effect.
No significant
differences








[42] On deltoid, small effect
at the same segment.
Didn't work on trapezius
and C5
SMT C5-C6 right /
PPT upper
trapezius, deltoid and C5
spinous process
Changes PPT in Kg/cm²
(differences) PPT SMT Control
Trapezius ipsilateral 0.2 0.3
Trapezius contralateral
0.4 0.1 Deltoid ipsilateral
0.3 -0.2 Deltoid contralateral
0.2 -0.2 C5 spinous process
0.1 -0.1
Small effect within the
same segment
Comparison of sides











region / T° on
hand + popliteal fossa
PPT increased for all groups
(not only SMT) from pre to post
SMT (F=9.6, partial N²=0.10)= SMT






- SMT worked at the
same level or below
Pressure and
Temperature (T°)
[28] No effect Cervical mobilization
left C5-C6 / PPT
left and right articular
pillar of C5-C6
Differences PPT pre/post
treatment Kpa F=0.168 p=0.168
Treatment 15.98 (+/− 4.8%)
Manual contact 4.61 (+/− 0.2%)
No contact 12.29 (+/− 3.5%)






PPT on trigger points
in the masseter and
temporalis muscles
Differences before/after SMT
in Kg/cm²: SMT = 0.29 (10%)




effect on trigeminal area
- - Pressure
[44] Hypoaglesia significant
at test site and without
differences between
the rates of mobilization
Lumbar mobilization/L2
dermatome(thigh),
L5 (foot), hand and L5
paraspinal
Mean of changes: 19,6% paraspinal
muscles 14,2% L2 dermatome
13,4% L5 dermatom 12% hand










[38] Small effect regionally SMT atlantooccipital/
PPT over both sides of
sphenoid bone (V)
PPT effect on group and time
F=14.4 (p<0.001) SMT = 3.5 kg/cm²
control = − 0.1 kg/cm²
Regional level. - - Pressure
[30] Mobilization had a
stronger effect on pain
than SMT
SMT 1 segment below
marked PPT (lumbar)
Mobilization = small increase
(0.434 kg/cm² d= 0.78)
SMT = decrease ( −0.173 d= 0.36)
Control = small decrease
(−0.105 d= 0.25) but ANOVA
further revealed non signification
between groups.
Local and systemic effect
but PPT values increase

















Table 6 Detailed findings from literature review on effect of SMT on pain (Continued)
[43] No differences between
amplitudes (p= 0.864)
lumbar mobilization/
1- right erector spinae (L3)
2- left patella
(L3 dermatome) 3- proximal
lateral sruface of left 5th
metatarsal (S1 dermatome)
4- deltoid
PPT A B C 1 18.73% 14.57% 15.48%
2 17.93% 9.93% 10.67% 3 10.53%
15.57% 8.81% 4 19.06%
18.60% 11.69%
Local and systemic effect - - Pressure








Aδ fibers mediated pain
sensitivity in non dominant
forearm and calf
Lumbar (local response):
A- Aδ fibers sensibility: no
differences between groups at
47°C(p= .73), or 49°C (p= . 96) No
effect of time at 47°C (p= .31) or
49°C (p= . 94) No changes in
Aδ fibers B- temporal summation:
F= 3,41 (p= . 05), different by group
assignment = Changes in temporal
summation Cervical (general
response): A- No changes in Aδ
fibers B- temporal summation: SMT
group F= 6,78 (p= . 40), all groups
had a decrease in temporal












for PPT but not for T°
SMT C5-C6 dominant
side (right) / PPT ,
thermal pain thresholds
(HPT - CPT) on lateral
epicondyles (both sides)
Differences SMT Control
PPT ipsilateral 121.5 (44.2%)
13.3 ( 4.4%) PPT contralateral
74.4 (17.7%) 6.1(1.7%) HPT
ipsilateral (°C) 1.2 (2.9%)
0.7 (2.2%) HPT contralateral
1.5 (4.1%) -0.9 (1.9%) CPT ipsilateral
−0.25(9.2%) -1.5 (9.6%) CPT
contralateral 0.9 ( 18.1%)-1.0 (17.4%)
Same segment Bilateral increase
of PPT. No significant
changes for T°
- Pressure and T°
[39] SMT changes PPT in
both R and L C5-C6
zygapophyseal joints in
healthy subjects
SMT C7-T1 / PPT C5-C6
zygapophyseal joints
Differences on PPT before/after:
Right side SMT dominant: 53.1 SMT
non-dominant: 80.7 Placebo: -2.7
Left side SMT dominant: 45.9 SMT
non-dominant: 48.0 Placebo: -3.9
Effect at regional level SMT changes PPT in








[20] SMT changes pressure
pain sensitivity in
triggers points in the
upper trapezius




in Kg/cm² Difference Placebo SMT
Pre post −0.06 d=0.35 0.08 d=0.4
Pre - 5' -0.2 d=1.1 0.1 d=0.5
Pre - 10' -0.22 d=1.1 0.12 d=0.44
Regional level - - Pressure
[31] SMT changes pressure
pain sensitivity in
epicondyles
SMT C5-C6 both sides /
PPT on lateral
epicondyles (both sides)
Differences in Kg/cm² SMT
ipsilateral 0.8 ( 35.5%) SMT
contralateral 0.5 (24.8%)
Placebo Ipsilateral 0.003(0.5%)
Placebo contralateral 0.006 (0.4%)
Control ipsilateral 0.003(0.5%)
Control contralateral 0.006 (2.1%)
Same segment No differences


















Table 6 Detailed findings from literature review on effect of SMT on pain (Continued)
[36] SMT produces
hypoalgesia in lumbar
area but not in cervical
(control) but no effect
on 1st pain








Lumbar Innervated NRS Change
47°C 13.2 (17.2) 12.9 (17.9)
23.5 (17.3) NRS Change 49°C
1.2 (20.2) 6.3 (22.4) 12.1 (19.7)
Cervical Innervated NRS Change
47°C −3.0 (13.7) 0.3 (11.6) 0.3 (10.2)
NRS Change 49°C 1.9 (9.0) -0.4 (10.1)
1.7 (10.8) NRS= Numeric rating scale
Effect at regional level
but not at systemic level
- Effect at the same










53 31 39 56 Allodynia (cm²) 40 18 28
40 Spontaneous pain (ratings)




[21] Effect on PPT SMT C5-C6 /
PPT over symptomatic
segment, T°PT
PPT increases p: < 0.05 +/− 0.?
% control +/− 2.?% placebo
+/− 22.55 SMT VAS didn't work
Regional level - - Pressure
[32] Mobilization has an




PPT increases p: < 0.05 +/− −4.?
% control +/− −7.?% placebo
+/− 29 % SMT TPT didn't work
Regional level. - - Pressure and T°
[33] Increase of PPT SMT cervical C5-C6 /
PPT both elbows
Changes pre/post treatment
SMT +/− 26% Placebo +/− −12%
Control +/− 0.2%
Regional level. - - Pressure





left and right articular
pillar
Intensity of current in mAmp
SMT Control Baseline 1.37 1.62 30''
2.05 1.46 2 min 2.43 1.46 5 min
2.70 1.56 10 min 3.30 1.86




SMT C0-C1/ PPT C2 preHVLA-HVLA -5’ -39.37




















treatment Kpa (SD) Manipulation
Mobilisation Control Pre-intervention
243.70 (95.22) 204.6 (85.52)
218.71 (82.91) Post-intervention
244.64 (91.59) 216.51 (90.50)
47.13 (96.87) Difference 0.94
(35.07) 11.88 (31.83) 28.42 (39.68)
Local level. - - Pressure
T° = temperature.
PPT = pressure pain thresholds.
HPT = hot pain threshold.
















Nevertheless, it is not clear whether these changes are
clinically significant. One author [44] referred to Moss
[49], who stated that a 15% improvement in pressure
pain tolerance is clinically important, but this statement
rests on previous studies which dealt with osteoarthritic
pain [50] and pain in an emergency service [51], not ex-
perimental pain. Therefore, the cut-off point at which
the reduction of artificially induced pain has reached a
clinically significant level is not known.
In addition, it cannot be concluded that the effect of
SMT, as seen in these studies, would be as large in "nat-
urally" painful areas. Therefore, it is not certain that the
degree of pain reduction detected in experimental stud-
ies can be extrapolated to other situations.
Apart from pressure and temperature, other sources of
pain were: capsaicin to irritate the skin followed by skin
stroking to evoke allodynia, hyperalgesia induced by
mechanical means, and spontaneous pain. In these
instances also, SMT was generally able to reduce pain.
Pain provoked by temperature does not always re-
spond to SMT.
Nine trials from five papers examined the effects of SMT
on temperature induced pain. In 3 of the 6 tests examining
second pain, an effect was found but none of the 3 trials
evaluating first pain could demonstrate such an effect. This
indicates that SMT may have an effect on C-fiber mediated
“second pain” but not on the more acute “first pain”
mediated by A-delta fibers. This finding may help to
resolve the mechanisms by which SMT reduces pain.
How broadly does the effect extend?
Almost all authors discussed the possibility of a sys-
temic effect of SMT but this was tested in only 5 studies
(9 experiments). The results were clearly positive, al-
though two of the authors concluded that local effects
were stronger than more distant ones. However, none of
these studies used a blinded assessor, and so the
reported results must be treated with caution.
Nine experiments out of the ten that studied the re-
gional effect were positive (see Table 5). However, in the
reviewed articles, it was difficult to differentiate between
strictly local vs. more regional effects. The definition of
regional is uncertain if following the dermatomes, as
they are known to differ from the text-book mappings
[52] and the origins and distributions of cutaneous
nerves differ from person to person. Thus, a negative
outcome in one person may simply be due to that per-
son having an unusual pattern of nerve distribution.
Despite this, most studies showed a positive effect with
relatively few study subjects. This could indicate either
that negative results were removed from the analyses or
that the effect is consistent.
Imprecise dermatomal mapping makes it difficult not
only to separate clearly local from regional effects but
also regional from systemic effects. Interestingly, the
application of spinal manipulation at the atlanto-
occipital region was found to have an effect on the mas-
seter muscle, despite that muscle being supplied by the
trigeminal nerve, which does not exit in the upper cer-
vical spine. We therefore described this experiment
under “regional” rather than “local” but it could perhaps
equally well have been described it as “systemic”.
Concerning the action of SMT on pain produced
above or below the manipulated segment, only a few
studies dealt with this and no consistent findings
emerged. It would be necessary to test this issue specific-
ally, in order to work out whether manipulation-induced
impulses travel up or down the spinal cord or whether
both occur.
Five studies investigated whether the hypoalgesic effect
was mainly on the side of the manipulation or if it also
appeared on the opposite side. These studies consistently
demonstrated a bilateral effect.
Some clinical concepts
Although this review was based on experimentally
induced pain, four findings emerged that could have a
bearing on clinical practice, or at least on the concepts
on which clinical practice is based. Manipulation of a
“restricted motion segment”, sometimes referred to as a
“manipulable lesion”, was not required for the “treat-
ment” to have an effect. Additionally, the side of the ma-
nipulation was irrelevant. However, the results from this
review can only be considered from a clinical point of
view, if SMT has a similar effect on pain in a clinical
context, which was not investigated in this study.
Finally, although a hypoalgesic effect was shown, it
is not known how long this effect lasts; long enough
for a person with pain to be able to regain a normal
movement pattern or only long enough to give an
impression of improvement? Other effects of the
SMT were not studied in this review; effects such as
improved biomechanics or reduced inflammation of
disturbed tissues [53].
Implications in relation to research
There is a need to establish a coordinated global re-
search strategy on the subject of SMT and pain relief. It
seems unnecessary to conduct further research on sim-
ply whether SMT has an effect on pain or not. Rather,
future work should focus on more precise questions
such as why SMT does not affect first pain, and which
mechanisms are involved in relieving pain locally, re-
gionally and systemically. The magnitude and duration
of effects also need to be defined. Consideration needs
to be given to the most appropriate research designs for
addressing different questions.
There could also be more consistency in outcome
measures, and closer attention should be paid to import-
ant design elements such as blinded assessment, random
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allocation, appropriate control groups and, if possible,
the recruitment of naïve subjects.
Implications in relation to education and clinical practice
Some of the findings in this review do not support the
imperative of specificity, i.e. precise identification of a
manipulable lesion and the exact level and side of the
manipulation.
Conclusions
This systematic critical review of the literature confirms
an effect of spinal manipulative therapy (SMT) on ex-
perimentally induced pain in human beings. This
hypoalgesic effect seems to be local/regional and more
consistent for pain provoked by pressure than by
temperature. Further and better research is needed to
determine if there is a systemic effect, to determine the
exact mechanisms by which SMT relieves pain, the clin-
ical importance and duration of the hypoalgesic effect.
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Additional files of "The effect of spinal manipulative therapy on experimentally 
induced pain: a systematic literature review"  
 
Additional file 1: Inclusion and exclusion criteria in a survey of the effect of spinal 





















Studies were excluded if they presented one of the following characteristics:  
 Chronic  pain,  defined  as  pain  of  more  than  one  year.  Chronic  pain  has  its  own 
mechanisms  of  modulation  [7,  8]  which  would  complicate  the  experimental 
situation.  
 Pathological  conditions  (e.g.  osteoarthritis,  disc  herniation,  neurogenic  pain,  and 
neuropathy)  that  could  confuse  the  experimentally  induced  pain  with  already 
existing symptoms [9].  
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Additional file 2: The items selected for the quality checklist and their rationale. 
In relation to study subjects 
1. Were study subjects unbiased?  Study subjects could be influenced by their 
expectations and for this reason it was important that they were either blind to the 
nature of the experiment, or that they were at least naïve to the topic and that they did 
not have a strong interest in the outcome of the experiment.  
2. Was there control of psychological characteristics of subjects that could affect pain 
perception? The reason for this is that, for example, fear of pain or expectations could 
modify the perception of pain.  
3. Was allocation to study group randomized? We did not deal with the appropriateness 
of the method to randomly allocating subjects into one study group or the other but 
were satisfied if, at least, such a procedure was mentioned. 
 
In relation to the experiment 
4. Was the intervention (SMT) well described with sufficient details to allow 
replication? 
5. Was the intervention (SMT) performed by the same person for all experiments and 
was this person competent/experienced?  
6. Was the number of trials (experimental pain and manipulation) stated? If the number 
of trials was stated we assumed that it would be less likely that some results would 
have been removed from the analyses. 
7. If trials were not conducted on the same day, were the before and after measurements 
undertaken under near-identical circumstances, such as in the same room, at the same 
temperature? It also seems to be important to repeat the experiment at the same time 
of the day to eliminate changes produced by circadian variations. 
8. Had the outcome variable(s) previously been shown to be reproducible and valid? Or 
was this tested in the study?  Or was there at least a pilot study to ensure optimal 
study circumstances?  
 
In relation to the assessment 
9. Was the assessor blinded to group allocation? This item was considered very 
important because the assessor could be subconsciously influenced by the wish to 
obtain “good” results.  
10. Was pain measured both before and after the SMT? 
 
In relation to analysis and data reporting 
11. Were losses and exclusions reported? 
12. Were estimates of the results given or shown in a graph? This would make it possible 
to determine treatment effect size.  
13. Were differences between study groups tested for statistical significance? 
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Additional file 3 - Effects of SMT on pressure pain thresholds (PPT). 
 Interventions Site of pain  
















PPT over symptomatic segment 
Effect on PPT: SMT more effective than 
control 
SMT more effective than placebo 
Yes 15 
[11] SMT C5-C6 right Nothing 
PPT upper trapezius ipsilateral 
PPT upper trapezius contralateral No significant differences  No 14 
[11] SMT C5-C6 right Nothing 
PPT deltoid ipsilateral 
PPT deltoid contralateral 
SMT increases PPT (no differences for 
sides) Yes 14 
[11] SMT C5-C6 right Nothing C5 spinous process No significant differences  No 14 
[12] 
SMT atlantooccipital  
Soft tissue 
Nothing 
PPT on trigger points in the 
masseter and temporalis muscles SMT increases PPT Yes 14 
[13] 
Lumbar mobilization 2 Hz 
Lumbar mobilization 1 Hz 
Lumbar mobilization Quasi 
stable 
L2 dermatome (thigh), L5 (foot) 
Hypoalgesia significant at test site and  
without differences between the rates of 
mobilization (but local>distal) 
Yes 14 
[13] 
Lumbar mobilization 2 Hz 
Lumbar mobilization 1 Hz 
Lumbar mobilization Quasi 
stable 
Hand and L5 paraspinal 
Hypoalgesia significant of site test and  
without differences between the rates of 
mobilization (but local>distal) 
Yes 14 
[14] SMT atlantooccipital Sham procedure 
PPT over both sides of sphenoid 
bone (V) SMT increases PPT Yes 14 
[15] 
Manipulative thrust right side 
C7-T1 
Manipulative thrust left side 
C7-T1 
Sham-manual procedure 
PPT on left dominant C5-C6 
zygapophyseal joints 
PPT on right dominant C5-C6 
zygapophyseal joints 
SMT changes PPT in both R and L C5-C6 
zygapophyseal joints in healthy subjects 
Right side more than left side 
Yes 14 
[15] 
Manipulative thrust right side 
C7-T1 
Manipulative thrust left side 
C7-T1 
Sham-manual procedure 
PPT on left non-dominant C5-C6 
zygapophyseal joints 
PPT on right non- dominant C5-
C6 zygapophyseal joints 
SMT increases PPT in both R and L C5-C6 
zygapophyseal joints in healthy subjects 
Right side greater than left side 
Yes 14 
[16] 
SMT atlantooccipital  
Muscle energy technique 
Nothing 
PPT next to C1 No significant differences No 14 
[17] 
Thoracic manipulation T1-T4 
Thoracic mobilization 
Control sham laser 
PPT on most tender thoracic 
vertebra 
Mobilization has a stronger effect on pain 
than SMT Yes 14 
[18] SMT C5-C6 PPT  on lateral epicondyles (both sides)  SMT increases PPT Yes 13 
[18] SMT T5-T8 (sham SMT) PPT  on lateral epicondyles (both sides)  No significant differences  No 13 
[19] 
Cervical mobilization left C5-
C6 (2Hz) (A-P) 
Sham procedure 
Nothing 
PPT left and right articular pillar of 
C5-C6 No significant differences  No 13 
[20] 
Lumbar mobilization -  large 
oscillation (force applied) 
Lumbar mobilization small 
oscillation 
Lumbar mobilization quasi 
static 
1- Right erector spinae (L3)  
2- Left patella (L3 dermatome) 
Hypoalgesia significant at site of test. No 
differences between amplitudes Yes 13 
 - 4 - 
[20] 
lumbar mobilization - large 
oscillation (force applied) 
lumbar mobilization small 
oscillation 
lumbar mobilization quasi 
static 
 3- Proximal lateral surface of left 
5th metatarsal (S1 dermatome) 
 4- Deltoid 
Hypoaglesia significant at site of test. No 
differences between amplitudes. Yes 13 
[21] SMT C3-C4 Sham procedure 
PPT upper trapezius trigger 
points (TrPs) immediate control No significant differences  No 13 
[21] SMT C3-C4 Sham procedure 
PPT upper trapezius trigger 
points (TrPs) 5 minute control 
SMT changes pressure pain sensivity in 
MTrPs in the upper trapezius Yes 13 
[21] SMT C3-C4 Sham procedure 
PPT upper trapezius trigger 
points (TrPs) 10 minute control 
SMT changes pressure pain sensivity in 
MTrPs in the upper trapezius Yes 13 
[22] 
SMT C5-C6 both sides 
Sham procedure 
Nothing 
PPT  on lateral epicondyles (both 
sides)  
SMT changes pressure pain sensivity in 
epicondyles 
No differences between sides. 
Yes 13 
[23] 
SMT C5-C6 dominant side 
(right) 
Sham procedure 
PPTon lateral epicondyles (both 
sides)  
SMT increases PPT. Right side greater than 
left side. Yes 11 
[24] 
SMT cervical C5-C6 
Sham procedure 
Nothing 
PPT both elbows Increase of PPT Yes 11 
[25] 
Unilateral HVLA 
Spinal lumbar mobilization 
Sham laser procedure 
SMT 1 segment below marked 
PPT (lumbar) 
Mobilization has a stronger effect on pain 
than SMT Yes 10 
[26] 
SMT cervical C5-C6 
Sham procedure 
Nothing 
PPT both elbows Increase of PPT Yes 9 
[27] 
SMT Lower cervical and 
upper thoracic region 
Cervical exercises 
Nothing 
Hand No significant differences  No 8 
[27] 
SMT Lower cervical and 
upper thoracic region 
Cervical exercises 
Nothing 
Popliteal fossa No significant differences No 8 
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Additional file 4 - Effects of SMT on pain produced by temperature. 
 Interventions Site of pain  
























Back extension exercise 
Biking 
Plantar surface (non dominant) and palmar 
surface (non dominant). Temporal summation.  
Significant changes in temporal 
summation only for SMT Yes 12 
[28] 
Lumbar SMT 
Back extension exercise 
Biking 
Non dominant forearm and calf. Aδ fiber-
mediated pain sensitivity. 
No differences concerning first 
pain (Aδ fibers) No 12 
[23] 
SMT C5-C6 dominant side 
(right) 
Sham procedure 
Lateral epicondyles (both sides). Heat pain 
threshold. No significant differences No 11 
[23] 
SMT C5-C6 dominant side 
(right) 
Sham procedure 
Lateral epicondyles (both sides). Cold pain 
threshold.  No significant differences No 11 
[24] 
SMT cervical C5-C6 
Sham procedure 
Nothing  




Lumbar extension exercise 
Plantar surface (non dominant) and palmar 
surface (non dominant).  
47°C / 49°C - Temporal summation. 
SMT produces hypoalgesia in 






Lumbar extension exercise 
Non dominant forearm and calf. 
47°C / 49°C - Aδ fiber-mediated pain sensitivity. 
No significant differences on first 
pain for both No 10 
[27] 
SMT Lower cervical and 





SMT reduces temporal sensory 
summation Yes 8 
[27] 
SMT Lower cervical and 





No differences concerning first 
pain (Aδ fibers) No 8 
 
Additional file 5 - Effects of SMT on pain produced by methods other than 
pressure or temperature. 












Mobilization 3° degree C5-C6 
Sham mobilization 
Nothing 
VAS, spontaneous pain SMT vs. control : bigger  differences  SMT vs. placebo: smaller differences Yes 15 
[30] Thoracic SMT Sham procedure Areas of stroking allodynia on forearm Allodynia decreases with SMT Yes 13 
[30] Thoracic SMT Sham procedure Mechanical hyperalgesia on forearm SMT more effective - Left/right not reported Yes 13 
[30] Thoracic SMT Sham procedure Spontaneous pain intensity on forearm SMT more effective - Left/right not reported Yes 13 
[31] Thoracic SMT Sham procedure 
Electrical induction 1" lateral to 
spinous process of T1/T10 SMT more effective - Left/right not reported Yes 10 
[26] 
SMT cervical C5-C6 
Sham procedure 
Nothing 
VAS, spontaneous pain on elbows No significant differences No 9 
[26] 
SMT cervical C5-C6 
Sham procedure 
Nothing 
Elbows. Stretch test. SMT more effective Yes 9 
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The effect of spinal manipulative therapy on
spinal range of motion: a systematic
literature review
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Abstract
Background: Spinal manipulative therapy (SMT) has been shown to have an effect on spine-related pain,
both clinically and in experimentally induced pain. However, it is unclear if it has an immediate noticeable
biomechanical effect on spinal motion that can be measured in terms of an increased range of motion (ROM).
Objective: To assess the quality of the literature and to determine whether or not SMT is associated with an
immediate increase in ROM.
Design: A systematic critical literature review.
Method: Systematic searches were performed in Pubmed, the Cochrane Library and EMBASE using terms relating
to manipulation, movement and the spine. Selection of articles was made according to specific criteria by two
independent reviewers. Two checklists were created based on the needs of the present review. Articles were
independently reviewed by two reviewers. Articles were given quality scores and the data synthesized for each
region treated in the literature. Findings were summarized in tables and reported in a narrative fashion.
Results: Fifteen articles were retained reporting on experiments on the neck, lumbar spine, hip and jaw. The mean
quality score was 71/100 (ranges 33/100 - 92/100). A positive effect of SMT was reported in both studies where
mouth opening was assessed after cervical manipulation. In five of the nine studies on cervical ROM a positive
effect was reported, whereas the remaining four studies did not show improvement. None of the three studies of
the lumbar spine showed an effect of SMT on lumbar ROMs and one study of sacroiliac manipulation reported no
effect on the ROM of the hip joint.
In relation to the quality score, the seven highest ranked studies, showed significant positive effects of SMT on
ROM. Continuing down the list, the other studies reported no significant differences in the outcomes between
groups.
Conclusion: SMT seems sometimes to have a small effect on ROM, at least in the cervical spine. Further research
should concentrate on areas of the spine that have the potential of actually improving to such a degree that a
change can be easily uncovered.
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Introduction
It is well known that back pain is highly prevalent in the
general population, with serious economic consequences
both on an individual and societal level. One of the
treatments frequently used for back pain is spinal
manipulative therapy (SMT). Although it has been
shown that SMT is a reasonable treatment option for
some people and some conditions [1], the mechanisms
by which SMT achieves its effects remain unclear.
A manipulation is said to occur when a joint is
brought to the extreme of its passive range and there-
after submitted to a rapid but shallow thrust, a so-called
high velocity low amplitude (HVLA) manipulation [2].
The manipulation has, indeed, been shown to be a
mechanical event as it causes slight momentary defor-
mations of the spine and surrounding soft tissues [3-5].
It has also been confirmed that SMT carries the verte-
brae beyond their normal physiological range of motion
(ROM) without exceeding the boundaries of anatomic
integrity [5,6]. Vertebral rotations and facet joint capsule
strain magnitudes during SMT have been shown to be
within the ranges that occur during physiological move-
ments [6]. This maneuver is often accompanied by a
crack [7].
SMT is usually differentiated from mobilization, which
is described as more of a slow, long-lasting stretch of an
articulation at the extreme of its passive range [8,9] and
usually without causing a crack. Many clinicians make a
strict distinction between SMT and mobilization[10] but
some clinical studies have shown the effects to be similar
for the two [11], indicating that such a distinction may
not be relevant, at least not from a clinical point of view.
Furthermore, the literature reports that, in clinical prac-
tice, the external forces applied during HVLA treat-
ments vary considerably depending upon the treatment
site, clinician and the technique used [7,12].
To better understand the true role of SMT in health
care, more information is needed regarding the effects of
SMT on the articular and peri-articular structures, and
joint function; i.e. movement. Theoretically, SMT could
have an effect on a number of structures and tissues
within and surrounding the spinal articulation. These
structures include muscles, aponeuroses, peri-articular
receptors, tendons, discs, and ligaments, which all, singly
or in combination, would have the capacity to cause
dysfunction and pain as they are all potential starting
points of proprioceptive and nociceptive pathways.
For SMT to have a positive effect on vertebral move-
ment, it must modulate the function of some or all of
these structures/tissues. SMT has, in fact, been shown
to modify spinal reflex excitability [13], paraspinal cuta-
neous temperature [14], visceral activity (e.g. cardio-
vascular function)[15], and electromyographic activity of
paraspinal muscles [16,17]. It has also been hypothesized
to alter motoneuron excitability [18], increase muscle
strength [19,20], alter sensorimotor integration [21],
and affect pain regulation in the dorsal horn of
the spinal cord [22] and the periaqueductal grey area
[23-25]. However, it is unclear as to what this brings in
terms of a biomechanical effect, such as an increased
range of movement (ROM). It has already been shown
that SMT has a pain reducing effect [26,27]. It seems
logical that if pain is reduced after SMT, ROM might
increase, independently of any effect that it may have on
pain. However, ROM might well increase after SMT, re-
gardless of whether the treated segment was painful
or not. Therefore, it is important to consider the effect
that SMT may have on ROM, specifically. Because
the literature is unclear on this topic, this systematic
critical literature review was performed to assess the
quality of the available literature and to determine
whether or not SMT is associated with an immediate
increase in ROM.
Methods
Design: systematic critical literature review.
Searches were conducted in PubMed, the Cochrane li-
brary and EMBASE without any date limitations and
using the following combinations of search terms:
“spinal”+ “manipulation”+ “range”+ “motion”
“chiropractic”+ “manipulation”+ “range”+ “motion”
“spinal”+ “manipulation”+ “stiffness”
“spinal”+ “mobilization”+ “range”+ “motion”
“spinal”+ “mobilization”+ “stiffness”
Thereafter, two of the authors (MM and CLY) inde-
pendently applied specific inclusion criteria to select the
potentially relevant articles from the titles, abstracts, and
keywords of the references retrieved in the literature
search. These inclusion criteria were:
 Languages: English, French, Spanish, Danish,
Swedish and Norwegian.
 Spinal Manipulative Therapy (SMT), anywhere in
the spine.
 Humans or animals.
 Experimental studies with at least one control
group. Thus, studies without a random allocation
procedure were accepted.
 ROM had to be one of the outcome variables.
 Immediate effect was reported. (This review did
not examine long term effects at, for example,
weeks or months following SMT, due to the
risk of contamination from factors other than
the manipulative procedure.)
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The following studies were excluded:
 Studies of subjects with specific pathologies, such
as inflammatory diseases, tumors or severe spinal
degeneration, because these might influence the
spinal structures in such a way as to limit ROM
permanently and therefore confuse the results.
 Studies of combined/concomitant therapies (drugs,
physiotherapy), as it would not be possible to know




Two authors (MM and CLY) extracted data from each
article, independently of each other, into two check-lists,
one descriptive and one qualitative. Data were later com-
pared in order to minimize reading errors. The other
authors were designated as judges in case of disagree-
ment between the first two reviewers.
Descriptive check-list
The descriptive checklist for the selected articles (see
Table 1) contained the following items:
 ID n°; author and year of publication;
 Study design;
 Type of study sample;
 Number of study subjects;
 Numbers of males and females;
 Age range and mean/median age of final study
sample;
 Type and area of symptoms (if any);
 Duration of symptoms (if any);
 Description of the SMT/mobilization group and the
type(s) of control group (sham treatment, another
treatment or no treatment at all).
 Number of experiments performed on each study
subject;
 Time when ROM was measured (immediately after
the SMT or later);
 Whether SMT was performed at the level of a
spinal complaint;
 Type of measurement (distance or angle) ;
 Method of measurement;
 Approval from ethics committee (yes/no)
Quality checklist
A number of issues related to quality of study were iden-
tified by consensus among the authors and used to
develop a quality checklist (see Table 2). We designed
this checklist based on concepts presented in the
PRISMA statement [28], the CONSORT statement [29]
and Cochrane guidelines [30] bearing in mind that there
can be no general recipe for such work, as review proce-
dures have to be topic specific. The risk of bias was
assessed following the criteria suggested by the method
guidelines for systematic reviews of trials of treatments
for neck and back pain by Furlan et al. [30]. Additional
items were mainly adapted from PRISMA [28]. Thus,
the items selected for our review were:
Study population
1. Ideally, study subjects should be naïve or at least
disinterested, meaning that they should not have any
preconceived ideas about SMT that could affect
their reactions to the experiment. This would
exclude, for example, studies of chiropractic
students. Patients referred for physiotherapy
treatment and thereafter included in a study were
considered suitable for inclusion because they did
not actively select participation in the study.
2. If the study samples contained people older than 45,
the age distribution should be similar among the
treatment groups, as an uneven number of older
people could influence the degree of spinal
degeneration and so response to treatment as
degeneration has been shown to modify the effect of
SMT [31,32].
Procedure
3. The study subjects should have been randomly
allocated to study groups.
4. Sham treatments, if any, should be credible, to
reduce the risk of negative expectations from study
subjects.
5. Physical conditions, such as room temperature, time
of day, time of warm-ups, should be similar for all
treatment groups, and also constant before/after
SMT because such conditions might have an effect
on spinal movement [33].
6. The manipulative maneuver should be well
described to make it possible to ascertain whether it
was actually a manipulation, but also to make it
possible to reproduce the study.
7. The manipulative maneuver should be performed by
an experienced person, to ensure that it was
correctly carried out.
8. The person assessing the ROM should be blinded to
treatment group to ensure absence of expectation
bias.
9. The pre/post treatment ROM-test should be
performed by the same person to optimize the
reliability of the test procedure.
10. The ROM should be assessed by a method
previously shown to be highly reliable or the study
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Table 1 Descriptive check-list of selected articles in the literature review of the action of SMT on ROM
Author year and
references






Ages Type and area of
symptoms (if any)
Cassidy 1992 [36] RCT Patients 100 ? ? 34.5 SD13.0 Unilateral neck pain
with radiation to
trapezius
Pollard 1997 [48] RCT Chiropractic students 34 ? ? 21-33 None
Goodsell 2000 [45] Cross-over Patients 26 13 13 (16–69) 39.5 Low back pain
Whittingham 2001 [40] Cross-over Volunteers obtained
through adverts






RCT Patients referred to
physiotherapy to
osteopathic clinic
70 25 45 (20–55) 37 Neck pain
Konstantinou 2007 [46] Cross-over Patients referred for
physiotherapy suitable
for SMT
26 15 11 >18 38.3 SD11.7 Low back pain
+/− Leg pain
Tuttle 2008 [41] Cross-over Volunteer staff and
students from university
20 10 10 (19–55) 31 Neck pain that
limited movement
Krauss 2008 [42] RCT Patients referred for
physical therapy
32 6 26 (19–50) 34.2 Neck pain
Kanlayanaphotporn
2009 [43]







37 - 37 (21–50) 35+/−8 Neck pain < 40 mm
mouth opening
Mc Clatchie 2009 [38] Cross-over Orthopedic patients 21 7 14 49.8 (+/−9.8) Shoulder pain
No neck pain
last year
Passemore 2010 [39] RCT Volunteer chiropractic
students with C1-C2
fixation
15 ? ? 21-42 N/A
Kanlayana-photporn
2010 [44]
RCT Patients 60 18 42 42.2 (23–68) Neck pain
Oliveira Campello
2010 [35]





Volunteer students 32 16 16 25.5 SD4.5 N/A
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<1week n=16 1w -
6m=34 >6 months
n=50




1 Before and 5’ after Yes Cervical ROM,
3 planes
Goniometer 3 D Yes










0.5 – 60 months - Clinically determined
lumbar mobilization
- Nothing (lying down)





> 6 months - SMT upper cervical
- Sham (deactivated
instrument)
3 Before and after






>1Month - SMT (C3-C5)
- Sham neck mobilization
1 Before and 3’ after Yes Cervical ROM,
3 planes
Goniometer Yes
>3 months - PA mobilization
- Nothing





>2 weeks - PA cervical mobilization
at symptom level
- Placebo (PA mobilization
but asymptomatic side)
- Nothing (lying down)
- general MT but no
high velocity thrust






? - Thoracic SMT
- Nothing



















>6 months - SMT atlanto-occipital
- Sham (cervical manual
contact)
1 Before and after Yes (atlanto-
occipital)
Mouth opening Universal caliper Yes
>6 weeks - Mobilization (C5- C7)
- Sham (same mobilization
position but without
external force)




- Nothing (wait 5’)









(PA, right or left)






N/A - SMT atlanto-occipital
- Soft occipital tissue
treatment
- Nothing
1 Before and 2’ after N/A Mouth opening Universal caliper Yes
N/A - SMT(lumbar)
- Mobilization (lumbar)
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by the same person?
Oliveira Campello [35] Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
Kanlayanaphotporn [43] Yes 1 No 0 Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
Konstantinou [46] Yes 1 Yes 1 No 0 Yes 1 Yes 1 Yes 1 Yes 1
Whittingham [40] Yes 1 Yes 1 Yes 1 Yes 1 ? 0 Yes 1 Yes 1
Stamospapastomous [47] Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 No 0 Yes 1
Krauss [42] Yes 1 Yes 1 No 0 Yes 1 Yes 1 Yes 1 Yes 1
Martinez Segura [37] Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
Goodsell [45] Yes 1 Yes 1 No 0 Yes 1 Yes 1 Yes 1 Yes 1
Mc Clatchie [38] Yes 1 Yes 1 Yes 1 Yes 1 ? 0 Yes 1 Yes 1
Mansilla-Ferragut [34] Yes 1 ? 0 Yes 1 Yes 1 Yes 1 Yes 1 Yes 1
Cassidy [36] Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 Yes 1 ? 0
Tuttle [41] Yes 1 ? 0 Yes 1 No 0 Yes 1 Yes 1 Yes 1
Kanlayanaphotporn [44] Yes 1 No 0 Yes 1 Yes 1 Yes 1 Yes 1 No 0
Passmore [39] Yes 1 No 0 No 0 Yes 1 Yes 1 Yes 1 ? 0
















Table 2 Quality check-list of articles reviewed (Continued)
Was ROM assessed













If study samples contained
people older than 45, was
the age distribution shown
in treatment groups to be
similar?
Total score Score /100
Yes 1 Yes 1 Yes 1 Yes 1 ? 0 N/A - 11 /12 92
Yes 1 Yes 1 Yes 1 Yes 1 ? 0 No, but compared base
line variable for both
- 10 /12 83
Yes 1 Yes 1 Yes 1 Yes 1 ? 0 Upper level age is known,
but N/A because cross-over
- 10 /12 83
Yes 1 Yes 1 Yes 1 Yes 1 ? 0 Age range are known,
but N/A because cross-over
- 10 /12 83
Yes 1 Yes 1 Yes 1 Yes 1 ? 0 N/A - 10 /12 83
Yes 1 Yes 1 Yes 1 Yes 1 ? 0 No (19 – 50) 0 10 /13 77
Yes 1 No 0 Yes 1 Yes 1 ? 0 No (20 – 55) 0 10 /13 77
Yes 1 No 0 Yes 1 Yes 1 ? 0 Yes 1 9 /13 69
Yes 1 No 0 Yes 1 Yes 1 ? 0 No (>16) 0 9 /13 69
Yes 1 No 0 Yes 1 Yes 1 ? 0 No (21–50) 0 9 /13 69
Yes 1 No 0 Yes 1 Yes 1 ? 0 Age not known 0 9 /13 69
Yes 1 No 0 Yes 1 Yes 1 ? 0 Age range known, but
N/A because cross-over
- 8 /12 67
Yes 1 No 0 Yes 1 Yes 1 ? 0 No, but compared base
line variable for both
- 8 /12 67
? 0 No 0 Yes 1 Yes 1 ? 0 N/A - 6 /12 50
















should contain a satisfactory report of own inter/
intra reliability evaluation.
Data reporting
11. Losses and exclusions should be reported to
minimize the risk of selective removal of data.
12. Estimates should be reported as exact values or
shown in tables/graphs and not only as significance
levels.
13. If there were any differences between groups, these
should be tested for statistical significance.
Classifying articles by their quality
For the selected articles, all descriptive and quality items
were checked independently by the first two reviewers
and a summary quality score was assigned. One point
was awarded for each fulfilled quality item.
If the quality item was not satisfied (“no”) or if the art-
icle did not mention this condition (”?”), no point was
given. However, if the item was not applicable (“N/A”),
this was not counted in the denominator. Thus the max-
imum total score could be different from one article to
the next. Finally, the total score was normalized to a 100
point scale in order to compare quality across studies.
Although a summary quality score was calculated, no
cutoff-point was defined for acceptable or unacceptable
level of quality. This allowed us (and the readers) to use
the quality scores and the information on each individ-
ual quality item as a guide to determine whether articles
would be considered more or less credible. In other
words, the quality assessment was meant to be inform-
ative rather than proscriptive. Because we decided not to
use a scoring system to establish levels of quality, we
have not defined any discrete levels of evidence, e.g.
high, moderate or low.
Data synthesis
Four data tables were constructed according to the area
of the spine where treatment was provided and ROM
assessed: 1. cervical treatment and ROM, 2. lumbar
treatment and ROM, 3. cervical treatment and range of
mouth opening, and 4. sacroiliac treatment and hip
ROM. The tables were scrutinized, one by one, to obtain
answers to our research question. Results were thereafter
interpreted and reported in a narrative fashion.
Results
Study selection
Figure 1 shows a flow diagram of the study selection
process. A total of 242 articles were identified from the
systematic search of MEDLINE, 51 from EMBASE, and
3 from the Cochrane library. Nine other articles were
added from an additional hand search of reference lists.
After duplicates were removed, 247 articles remained to
be assessed for inclusion. Of these, 67 were retrieved in
full and examined against our inclusion criteria. In all,
15 studies fulfilled all inclusion criteria and are reviewed
herein (see Figure 1).
Description of data
Table 1 provides a full description of the key characteris-
tics of each study. Articles have been listed chronologic-
ally based on the date of publication.
Of the 15 selected studies, two measured the effects
of SMT on mouth opening, nine studied effects about
the three cervical axes of movement, one measured
only the range of cervical rotation, three studied
flexion/extension in the lumbar spine, and one investi-
gated the ROM of the hip. There were nine randomized
controlled trials and six cross-over studies. All of them
measured the ROM before and immediately after treat-
ment. No papers on the thoracic spine satisfied the in-
clusion criteria.
ROM was measured differently depending upon the
spinal region under study. Mouth opening ([34] and
[35]) was measured with a universal caliper. Cervical
ROM was assessed with a three- dimensional goniom-
eter ([36], [37], [38] and [39]), a strap-on head goniom-
eter ([40]), a postero-anterior assessment device with a
head sensor ([41]), an inclinometer with a compass sys-
tem ([42]), and a magnetic neck brace with three separ-
ate inclinometers ([43] and [44]). Lumbar ROMs were
measured with a fingertip-to-floor inclinometer[45], a
double inclinometer [46] and an electromagnetic track-
ing device [47]. Hip ROM was measured with a digital
goniometer ([48]).
Some researchers (n=11) performed their experiments
on people with symptoms, either patients (n=8) or
volunteers with symptoms recruited by advertisements
(n=3), whereas the remaining four studies dealt with
healthy students.
Eight authors performed only one experiment, five
reported two experiments, and two studies reported on
three and four experiments, respectively.
Only one article did not report whether approval had
been received from an ethics committee.
Quality
Table 2 presents a description of the quality items. The
quality scores ranged from 33/100 to 92/100, with a
mean score of 71.4 (SD 10.4) and a median of 69. Arti-
cles are listed in the order of decreasing quality score.
There were no disagreements between the reviewers in
relation to the quality items.
All articles fulfilled the following four quality criteria:
“Random allocation”, “SMT well described”, “Estimates
reported and shown in tables/graphs” and “Results tested
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for statistical significance”. The item “Age distribution
similar in studies with study sample consisting of people
older than 45” was applicable to six studies ([36], [45],
[37], [42], [34], and [38]) of which only [45] fulfilled the
criterion.
Nine articles dealt with “disinterested/naïve study sam-
ples”. Ten studies included what we considered a cred-
ible sham treatment in comparison to the spinal
manipulation. However, some studies investigated differ-
ences in outcome in relation to different types of ma-
nipulation (such as manipulating in different planes), i.e.
not comparing manipulation to a sham treatment mak-
ing this issue superfluous. Eleven authors specified that
SMT was performed by an experienced person (all ex-
cept [36,39,44,48]), and twelve assured that pre/post as-
sessment was made by the same person (all except
[36,39,48]).
Outcome assessments were blinded in thirteen studies,
and thirteen assessed ROMs with a validated method. In
two of the studies, ([48] and [39]), the validity of the as-
sessment method was not described.
In none of the studies were the experimental condi-
tions stated to have been equal for treatment and con-
trol groups or before and after the manipulation. Only
six studies reported if there were any exclusions or
losses during the study.
Outcomes reported
The results for mouth opening, cervical ROM, lumbar
ROM and hip ROM are shown in Tables 3, 4, 5 and 6
and are described below.
Outcomes were reported as either degrees or milli-
meters and there were generally no large improvements in
ROM. In fact, although a statistically significant effect of
SMT was seen in several studies, the differences between
pre and post treatment, when clearly reported, were, for
the best results, in the order of 3.5mm for mouth opening
([34]) and 10° ([37]) for unilateral cervical rotation.
Records identified through database searching
MEDLINE:
spinal + manipulation + range + motion (242hits)
chiropractic + manipulation + range + motion (135hits)
spinal + manipulation + stiffness (65hits)
spinal + mobilization + range + motion (117hits)
spinal + mobilization + stiffness (128hits)
EMBASE:
Manipulation + range of motion (30hits)
Chiropractic + manipulation + range of motion (21hits)
COCHRANE:
Manipulation + range + motion (3hits)
Additional records identified through
other sources
(n = 9)











No ROM asoutcome = 17
No immediate effect measured = 15
No control group = 13
Subjects with pathologies = 4




Figure 1 Flowchart describing the process for a systematic critical review of the literature on the effect of SMT on spinal range of
motion (from The PRISMA Statement [56]).
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Were the differences in
outcome tested between





92 - SMT atlanto-occipital
(n=41)
- Soft occipital tissue
treatment (n=41)
- Nothing (n=40)
46.4 ± 6.8 (44.4, 48.4)
47.2 ± 6.2 (45.2, 49.3)
46.8 ± 6.8 (44.8, 48.9)
47.9 ± 6.8 (45.9, 49.9)
47.7 ± 6.1 (45.6, 49.7)
46.8 ± 6.7 (44.8, 48.9)
1.5 ± 1.5 (1.0, 1.9)
0.5 ± 1.7 (0.0, 1.0)
0.0 ± 1.1 (−0.4, 0.3)
SMT increases maximum active
mouth opening, but need of
further studies to elucidate the





69 - SMT atlanto-occipital
(n=18 )
- Sham (cervical manual
contact) (n=19 )
35.4 (95% CI, 33.3-37.4)
36.2 (95% CI, 34.3- 38.2)
38.8 (95% CI, 36.6-41.1)
35.9 (95% CI, 33.7-38.0)
3.5 (95% CI, 2.4, 4.6)
−0.3 (95% CI, -0.4, 1.2)


















A positive effect of SMT was reported in both of the
studies where mouth opening was assessed after cer-
vical manipulation (+3.5mm ([34]) and 1.5mm ± 1.5
[35]). In five of the nine studies on cervical ROM ([40],
[37], [42], [43], and [39]) a positive effect was reported,
whereas the remaining four studies ([36], [41], [38], and
[44]) did not show improvement. See Table 4 for exam-
ples of increased ROM in the studies with significant
results.
None of the three studies of the lumbar spine (Table 5)
showed an effect of SMT on lumbar ROMs ([46], [47],
and [45]) and one study ([48]) of sacroiliac manipulation
(Table 6) reported no effect on the ROM of the
hip joint.
The lack of homogeneity in the various reports made
a meta-analysis impractical. For example, different
areas of the spine were studied, all of which have dif-
ferent movement patterns. Concerning the cervical re-
gion, study [42] measured only rotation and not all
three planes; study [40] showed only the baseline
values and not the post-manipulative values. Study [41]
did not report exact measures but showed the results
in a graph. Finally, study [39] reported only exact nu-
merical values for the significant findings but provided
no estimates for those with non-significant differences.
Also the study populations differed between papers,
some including patients with back problems and others
using healthy people. Only two studies, ([41] and [35]),
compared the outcome of SMT in three groups: treat-
ment, sham procedure and a control group which did
not receive any type of treatment. The first of these
two studies, which examined cervical ROM, did not
find an effect, whereas the second, which examined
mouth opening, did.
Nine studies compared the action of SMT to only a
sham procedure ([36], [48], [40], [37], [43], [34], [38],
[44], and [47]). Five of them ([40], [37], [43], [34], and
[47]) found the outcome of SMT to be statistically sig-
nificant but four ([36], [48], [38], and [44]) did not.
Four authors compared the action of SMT to the out-
come in a control group which did not receive any treat-
ment ([45], [46], [42], and [39]). The first of these
studies ([45]) did not find any difference between the
outcomes after SMT and the control process, whereas
the three others did ([46], [42], and [39]).
Finally, if articles are listed by total quality score, the
seven highest ranked studies ([35], [43], [46], [40], [47],
[42], and [37]), with scores ranging from 92 to 77,
showed significant positive effects of SMT on ROM.
Continuing down the list from scores of 69 to 33, studies
[45], [38], [36], [41], [44], and [48] reported no signifi-
cant differences in the outcomes between groups, while




This appears to be the first systematic critical literature
review of the immediate effect of SMT on ROM. The fif-
teen articles that met our inclusion criteria for review
did not provide a coherent picture; some studies found a
small effect, others none. The differences in results be-
tween studies were related to the quality of studies, with
the better studies reporting significant findings. Interest-
ingly, it did not matter if SMT was compared with a
sham treatment or if it was compared with some type of
control procedure, suggesting that results were un-
affected by expectation or observation bias. The only
studies showing a positive effect in the spine were those
performed in the cervical spine, while no effect was dis-
cerned after pelvic or lumbar treatment. When positive
findings were present, they were generally modest.
Heterogeneous methods make meta-analysis unsuitable
Many different tools are used in research and in clinical
practice to measure ROM: single/double/triple inclin-
ometers, goniometers, a rangiometer, tape measures, vis-
ual estimation, spine motion analyzer, etc. It was not the
purpose of this review to describe and compare these
methods, but we refer to the literature concerning their
reliability and validity [33,49-52]. The main point is that
there are quite a number of studies on the topic but that
the measurement tools used often differed from one
study to another, making it difficult to compare results
between studies. In addition, this multitude of outcome
variables plus other differences such as choice of study
population and area of manipulation make it impossible
to combine results in a meaningful meta-analysis.
Why such small effects- if any?
The small improvement in ROM, when an improvement
was seen at all, may come as a surprise to those who
have clinical experience with SMT. However, perhaps in
clinical practice, the biomechanical effect of SMT is
influenced by a reduction in pain. In this review, we did
not take into account changes in level of pain, but rather
focused on ROM, which is a less common outcome vari-
able in randomized clinical trials on SMT and back pain
[11,46]. The choice of researchers to avoid measures of
ROMs as outcome variables might well be because SMT
does not generally produce substantial changes in
ROMs.
Another possibility for this discrepancy between the
clinical experience and the results of this review is that
ROMs may improve gradually as treatment progresses
over days or weeks. Our review dealt only with the im-
mediate effects of SMT, in order not to confuse the
effects of SMT with those of other factors that could
come into play over a period of time. Other possible
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Table 4 Effects of SMT on cervical range of motion
Author Quality
score /100
Treatment and control activity



















- 0.3 ± 6.3
1.2 ± 4.9
Whittingham [40] 83 - SMT upper cervical
- Sham (deactivated
instrument)
- - Gr. 1=39° ± 1.1
Gr. 2=38° ± 1.4
Krauss [42] 77 - Thoracic SMT - Nothing - - -
Martinez Segura [37] 77 - SMT (C3-C5)







Mc Clatchie [38] 69 - Mobilization (cervical)




















67 - Post/ant (PA) cervical
mobilization
- random mobilization







Tuttle [41] 67 - PA cervical mobilization
at symptomatic level




* initial values flexion/
extension ROM =119°
(SD-17)
* initial values flexion/
extension ROM=119°
(SD-17)






* initial values rotation
ROM=93° (SD-12)
Passmore [39] 50 - SMT(C1-C2)



















































Gr. 1=38° ± 1.3
Gr. 2=36° ± 1.2
Gr. 1=56° ± 1.4
Gr. 2=57° ± 1.5
Gr. 1=54° ± 1.6























SMT was more effective
than control mobilization







- 0.3 ± 4.9


























values are given but only




























Mean ROM measures in
degrees pre-treatment
(SD) Flexion
Mean ROM measures in
degrees pre-treatment
(SD) Extension
Konstantinou [46] 83 - Mobilization (n=26)
- Lying down (n=26)
69.5 (19.0) 21.9 (10.2)






Goodsell [45] 69 - PA mobilization
- Nothing
A=105 (11) B=95 (22) A=52 (8) B=46 (14)
Mean ROM measures in
degrees post-treatment
(SD) Flexion


































No significant effect for





A=108 (12) B=95 (24)
A=52 (11) B=47 (14)





















explanations are that SMT might produce changes in
kinematics (i.e. how the spine moves) rather than
changes in the total ROM. It is also possible that
changes in one manipulated joint among several in a
spinal region would not contribute greatly to changes in
regional movement.
Significant effects only in the cervical spine
In this review, SMT only showed discernible effects in the
cervical spine. There may be several explanations for this.
First, gross ranges of motion are largest in the cervical spine
and so there is the potential for treatment in that area to
cause a larger, hence measureable, effect. Secondly, more
than 50% of the total rotation of the cervical spine is attribu-
ted to movement at a single level, the atlanto-axial joint
[53]. Hence, SMT targeting the atlanto-axial joint could po-
tentially lead to a substantial overall increase in the rotation
of the entire cervical spine. In the lumbar and thoracic spine
no single segmental level is responsible for a substantial pro-
portion of movement of the entire region. Therefore, an in-
crease in movement at a single level below the neck is less
likely to result in a large change in regional ROM, as shown
in this review.
Post hoc analysis
In order to investigate this matter further, all articles
that tested the effect of SMT specifically in the upper
cervical spine were re-analyzed, in relation to the size of
the effect. Two studies [39,40] treated C1-C2, with dif-
ferent results: the first one [39], showed a difference pre/
post treatment (3.75 degrees) only for right neck rota-
tion. The other [40], showed that SMT significantly
increased neck flexion and rotation (see Table 4). Studies
[37,41] treated at the C3-C6 level and they also had dif-
ferent results: [37] showed that SMT was more effective
than control mobilization, whereas [41] showed no sig-
nificant effect on ROM. One study [42] was conducted
at the thoracic level and showed improved cervical
ROM. Finally four studies [36,38,43,44] treated a clinic-
ally determined area and only one [36] showed improved
cervical ROM with SMT. These results, therefore, do
not corroborate the theory that upper cervical SMT has
a particularly obvious effect on cervical rotation. Further
study is obviously needed on this aspect of spinal ROM.
Technical challenges in measuring ROM
There are also some technical issues that have to be
taken into account in interpreting the results presented
herein. For example, measurements of ROM face the
problem of where to start and stop; i.e. how to identify
the neutral or starting position. Therefore, measure-
ments are probably more accurate when the full ROM is
reported. Although most studies in our review did meas-
ure the full range, for some reason they reported on
each individual movement component (e.g. left rotation
and right rotation).
It is also possible that ROM does increase immediately
following treatment but that the methods used in the
reviewed studies did not capture this effect. In this re-
gard, most of authors either claimed to be using a previ-
ously tested and acceptable instrument in relation to
reliability, or they presented their own reliability study
with acceptable results.
Interestingly, many studies of cervical ROM seem to con-
centrate on the reliability of measurement tools, but con-
struct validity and what has been referred to as
‘responsiveness’ - the ability to capture change - are studied
less often [54]. Whether a particular device is capable of ac-
curately measuring ROM with appropriate precision is of
utmost importance. However, it has been pointed out [33]
that certain methodological procedures, rather than the de-
vice itself, are problematic, at least for cervical ROMs. Such
items are wide variations in study designs, the characteris-
tics of the observers and study populations, whether warm-
ups were allowed, whether the movements were active or
passive, and the time intervals between repeated measure-
ments. Furthermore, it is difficult to assess ROMs, and out-
comes may not be reliable if there is pain in the examined
area [55]. These were all items that we examined in our
critical review of articles, and it was apparent that a number
of studies did not take these concerns into consideration.
Methodological considerations of this review
As with all systematic literature reviews, it is likely that
not all relevant articles were found, and the review
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process itself has a subjective element even with the sys-
tematic approach of using checklists. Other researchers
may prefer to scrutinize other methodological items and
may judge the contents differently. However, as there
were no disagreements between the two primary
reviewers, the protocol appears to have been appropriate
and clearly defined.
Research findings are of course dependent on the
study methodology; it is often seen that the weakest
studies have the “best” results. However, in this review,
the methodological score was, generally, associated with
study outcome in the opposite way, i.e. studies with bet-
ter quality scores were more likely to show statistically
significant differences, suggesting that the effects of
SMT on ROM are robust, albeit not very large. Never-
theless, the fact that there was no set cut-point for
methodological acceptability and because the evidence
tables report on both descriptive and quality items, the
reader is able to make his/her own additional analysis of
the data, should this be relevant.
Implications of findings for future research
It has been shown that it is difficult to evaluate ROM if
there is pain [55]. On the other hand, it does not seem
relevant to manipulate non-painful articulations in order
to study the effect on movement, as these likely already
have a full ROM. Therefore, it is difficult to know
whether clinical improvements following SMT in
patients with neck pain [11] or patients with low-back
pain [1] are due mainly to improved biomechanical sta-
tus, a direct reduction of pain, or a combination of the
two. A previous review concluded that there is a direct
action of SMT on experimentally induced pain [26] but
the present review cannot isolate a general direct effect
of SMT on ROM. Consequently, other information
seems to be necessary to better understand the relation-
ship between pain and motion in relation to SMT.
Implications of findings for clinical practice
The results do not support the concept that SMT has an
immediate, strong and obvious effect on ROM in the
human spine. In clinical practice, it is possible that mea-
surements of ROM should be clearly separated from the
experience of pain in relation to movements.
Conclusion
Based on the studies reviewed herein, SMT sometimes
seems to have a small effect on ROM, at least in the cer-
vical spine. The studies reviewed did not reveal an effect
of SMT on temporomandibular, lumbar or hip ROMs.
Future studies into ROM should take into account vari-
ous stages of degeneration, should standardize the ex-
perimental situation, and should include both pain and
ROM as outcome variables. It would also be useful to
include study subjects who actually have a decreased
ROM, in order to have the potential for improvement.
Also, it seems obvious that the measured movement
should have the potential to improve with the treatment.
Therefore, the effect of SMT on the upper cervical spine
should be tested in relation to rotation and treatment to
the lower cervical spine in relation to lateral bending,
flexion and extension. The full ROM should be measured
with validated instruments and all estimates should be
clearly reported, including full statistical analysis.
Competing interests
Authors declare there are no conflicts of interest.
Authors’ contributions
All authors instigated this review. MM and CLY designed the check-lists. MM
and BB searched in the databases. MM and CLY reviewed the literature and
wrote the first draft. BB, MDC and MAA provided expertise on the topic,
assisted with the literature review and provided critical comments to the first
draft. All authors reviewed the final manuscript and approved the final
version.
Author details
1EA 4532 CIAMS, UFR STAPS, Univ Paris-Sud, Orsay, France. 2The Research
Department, The Spine Centre of Southern Denmark, Hospital Lillebælt,
Odense, Denmark. 3Institut Franco-Européen de Chiropratique, Paris, France.
4Institute of Regional Health Services Research, Faculty of Health Sciences,
University of Southern Denmark, Odense, Denmark. 5Canadian Memorial
Chiropractic College, Toronto, ON, Canada. 6Département de Chiropratique,
Université du Québec à Trois-Rivières, Trois-Rivières, QC, Canada. 7Institut
Universitaire de France, Paris, France.
Received: 3 June 2012 Accepted: 18 July 2012
Published: 6 August 2012
References
1. Rubinstein S, Van Middelkoop M, Assendelft W, De Boer M, Van Tulder M:
Spinal manipulative therapy for chronic low-back pain: an update of a
cochrane review. Spine 2011, 36(13):E825–E846.
2. Leach RA: The chiropractic theories. Fourthth edition. Baltimore: Lippincott
Williams & Wilkins; 2004:131–197–235–246.
3. Walter H: The biomechanics of spinal manipulation. J Bodyw Mov Ther
2010, 14(3):280–286.
4. Maigne J-Y, Vautravers P: Mechanism of action of spinal manipulative
therapy. Joint Bone Spine 2003, 70(5):336–341.
5. Vernon H, Mrozek J: A revised definition of manipulation. J Manipulative
Physiol Ther 2005, 28(1):68–72.
6. Ianuzzi A, Khalsa P: Comparison of human lumbar facet joint capsule
strains during simulated high-velocity, low-amplitude spinal
manipulation versus physiological motions. Spine J 2005, 5:277–290.
7. Herzog W: The biomechanics of spinal manipulation. J Bodyw Mov Ther
2010, 14(3):280–286.
8. Sung P, Kang Y-M, Pickar J: Effect of spinal manipulation duration on low
threshold mechanoreceptors in lumbar paraspinal muscles: a preliminary
report. Spine 2005, 30(1):115–122.
9. Stoddard A: Osteopathic techniques of manipulation. Physiotherapy 1970,
56(1):29–30.
10. Snodgrass SJ, Rivett DA, Robertson VJ, Stojanovski E: Forces applied to the
cervical spine during posteroanterior mobilization. J Manipulative Physiol
Ther 2009, 32(1):72–83.
11. Gross A, Miller J, D’Sylva J, Burnie SJ, Goldsmith CH, Graham N, Haines T,
Brønfort G, Hoving JL: Manipulation or mobilisation for neck pain: a
Cochrane review. Man Ther 2010, 15(4):315–333.
12. Forand D, Drover J, Suleman Z, Symons B, Herzog W: The forces applied by
female and male chiropractors during thoracic spinal manipulation.
J Manipulative Physiol Ther 2004, 27(1):49–56.
Millan et al. Chiropractic & Manual Therapies 2012, 20:23 Page 16 of 18
http://chiromt.com/content/20/1/23
13. Dishman JD, Burke J: Spinal reflex excitability changes after cervical and
lumbar spinal manipulation: a comparative study. Spine J 2003,
3(3):204–212.
14. Roy RA, Boucher JP, Comtois AS: Paraspinal cutaneous temperature
modification after spinal manipulation at L5. J Manipulative Physiol Ther
2010, 33(4):308–314.
15. Bolton PS, Budgell B: Visceral responses to spinal manipulation. J Electromyogr
Kinesiol, http://www.sciencedirect.com/science/article/pii/S1050641112000478.
16. DeVocht JW, Pickar JG, Wilder DG: Spinal manipulation alters
electromyographic activity of paraspinal muscles: a descriptive study.
J Manipulative Physiol Ther 2005, 28(7):465–471.
17. Lehman G: Kinesiological research: the use of surface electromyography
for assessing the effects of spinal manipulation. J Electromyogr Kinesiol 0,
http://www.sciencedirect.com/science/article/pii/S1050641112000417.
18. Pickar JG: Neurophysiological effects of spinal manipulation. Spine J 2002,
2(5):357–371.
19. Botelho MB, Andrade BB: Effect of cervical spine manipulative therapy
on judo athletes' grip strength. J Manipulative Physiol Ther 2012, 35
(1):38–44.
20. Grindstaff TL, Hertel J, Beazell JR, Magrum EM, Ingersoll CD: Effects of
lumbopelvic joint manipulation on quadriceps activation and strength in
healthy individuals. Man Ther 2009, 14(4):415–420.
21. Taylor HH, Murphy B: Altered sensorimotor integration with cervical spine
manipulation. J Manipulative Physiol Ther 2008, 31(2):115–126.
22. Bialosky JE, Bishop MD, Robinson ME, Zeppieri G Jr, George SZ: Spinal
manipulative therapy has an immediate effect on thermal pain
sensitivity in people with low back pain: a randomized controlled trial.
Phys Ther 2009, 89(12):1292–1303.
23. Fernández-Carnero J, Fernández-de-las-Peñas C, Cleland J: Immediate
hypoalgesic and motor effects after a single cervical spine manipulation
in subjects with lateral epicondylalgia. J Manipulative Physiol Ther 2008,
31(9):675–681.
24. Ruiz-Sáez M, Fernández-de-las-Peñas C, Blanco C, Martínez-Segura R,
García-León R: Changes in pressure pain sensitivity in latent myofascial
trigger points in the upper trapezius muscle after a cervical spine
manipulation in pain-free subjects. J Manipulative Physiol Ther 2007,
30(8):578–583.
25. Sterling M, Jull G, Wright A: Cervical mobilisation: concurrent effects on
pain, sympathetic nervous system activity and motor activity. Man Ther
2001, 6(2):72–81.
26. Coronado RA, Gay CW, Bialosky JE, Carnaby GD, Bishop MD, George SZ:
Changes in pain sensitivity following spinal manipulation: A systematic
review and meta-analysis. J Electromyogr Kinesiol 2012, http://www.
sciencedirect.com/science/article/pii/S1050641112000065.
27. Millan M, Leboeuf-Yde C, Budgell B, Amorim M-A: The effect of spinal
manipulative therapy on experimentally induced pain: a systematic literature
review. Accepted for publication in Chiropractic Manual Therapies.
28. Liberati A, Altman D, Tetzlaff J, Mulrow C, Gøtzsche P, Ioannidis J, Clarke M,
Devereaux P, Kleijnen J, Moher D: The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health
care interventions: explanation and elaboration. J Clin Epidemiol 2009,
62(10):e1–e34.
29. Moher D, Hopewell S, Schulz K, Montori V, Gøtzsche P, Devereaux P,
Elbourne D, Egger M, Altman D: CONSORT 2010 explanation and
elaboration: updated guidelines for reporting parallel group randomised
trials. Int J Surg 2011, 1:27–54.
30. Furlan A, Pennick V, Bombardier C, Van Tulder M: 2009 updated method
guidelines for systematic reviews in the Cochrane back review group.
Spine 2009, 34(18):1929–1941.
31. Colloca CJ, Keller TS, Moore RJ, Gunzburg R, Harrison DE: Effects of disc
degeneration on neurophysiological responses during dorsoventral
mechanical excitation of the ovine lumbar spine. J Electromyogr Kinesiol
2008, 18(5):829–837.
32. Colloca C: Intervertebral disc degeneration reduces vertebral motion
responses. Spine 2007, 32(19):E544–E550.
33. Jordan K: Assessment of published reliability studies for cervical spine
range-of-motion measurement tools. J Manipulative Physiol Ther 2000,
23(3):180–195.
34. Mansilla-Ferragut P, Fernández-de-las Peñas C, Alburquerque-Sendín F,
Cleland JA, Boscá-Gandía JJ: Immediate effects of atlanto-occipital joint
manipulation on active mouth opening and pressure pain sensitivity in
women with mechanical neck pain. J Manipulative Physiol Ther 2009,
32(2):101–106.
35. Oliveira-Campelo N, Rubens-Rebelatto J, Marti N, Vallejo F, Alburquerque-
Sendi N, Fernandez-de-Las-Penas C: The immediate effects of atlanto-
occipital joint manipulation and suboccipital muscle inhibition
technique on active mouth opening and pressure pain sensitivity over
latent myofascial trigger points in the masticatory muscles. J Orthop
Sports Phys Ther 2010, 40(5):310–317.
36. Cassidy JD: The immediate effect of manipulation versus mobilization on
pain and range of motion in the cervical spine: a randomized controlled
trial. J Manipulative Physiol Ther 1992, 15(9):570–575.
37. Martínez-Segura R, Fernández-de-las-Peñas C, Ruiz-Sáez M, López-Jiménez C,
Rodríguez-Blanco C: Immediate effects on neck pain and active range of
motion after a single cervical high-velocity low-amplitude manipulation
in subjects presenting with mechanical neck pain: a randomized
controlled trial. J Manipulative Physiol Ther 2006, 29(7):511–517.
38. McClatchie L, Laprade J, Martin S, Jaglal SB, Richardson D, Agur A:
Mobilizations of the asymptomatic cervical spine can reduce signs of
shoulder dysfunction in adults. Man Ther 2009, 14(4):369–374.
39. Passmore SR, Burke JR, Good C, Lyons JL, Dunn AS: Spinal manipulation
impacts cervical spine movement and Fitts' task performance: a single-
blind randomized before-after trial. J Manipulative Physiol Ther 2010,
33(3):189–192.
40. Whittingham W, Nilsson N: Active range of motion in the cervical spine
increases after spinal manipulation (toggle recoil). J Manipulative Physiol
Ther 2001, 24(9):552–555.
41. Tuttle N, Barrett R, Laakso L: Relation between changes in posteroanterior
stiffness and active range of movement of the cervical spine following
manual therapy treatment. Spine 2008, 33(19):E673–E679.
42. Krauss J, Creighton D, Ely JD, Podlewska-Ely J: The immediate effects of
upper thoracic translatoric spinal manipulation on cervical pain and
range of motion: a randomized clinical trial. Journal of Manual &
Manipulative Therapy (Journal of Manual & Manipulative Therapy) 2008,
16(2):93–99.
43. Kanlayanaphotporn R, Chiradejnant A, Vachalathiti R: The immediate effects
of mobilization technique on pain and range of motion in patients
presenting with unilateral neck pain: a randomized controlled trial. Arch
Phys Med Rehabil 2009, 90(2):187–192.
44. Kanlayanaphotporn R, Chiradejnant A, Vachalathiti R: Immediate effects of
the central posteroanterior mobilization technique on pain and range of
motion in patients with mechanical neck pain. Disabil Rehabil 2010,
32(8):622–628.
45. Goodsell M, Lee M, Latimer J: Short-term effects of lumbar
posteroanterior mobilization in individuals with low-back pain.
J Manipulative Physiol Ther 2000, 23(5):332–342.
46. Konstantinou K, Foster N, Rushton A, Baxter D, Wright C, Breen A: Flexion
mobilizations with movement techniques: the immediate effects on
range of movement and pain in subjects with low back pain.
J Manipulative Physiol Ther 2007, 30(3):178–185.
47. Stamos-Papastamos N, Petty NJ, Williams JM: Changes in bending stiffness
and lumbar spine range of movement following lumbar mobilization
and manipulation. J Manipulative Physiol Ther 2011, 34(1):46–53.
48. Pollard H, Ward G: The effect of sacroiliac manipulation on hip
flexion range of motion. Australasian Chiropractic & Osteopathy 1997,
6(3):80–84.
49. Prushansky T, Deryi O, Jabarreen B: Reproducibility and validity of digital
inclinometry for measuring cervical range of motion in normal subjects.
Physiother Res Int 2010, 15(1):42–48.
50. O’Sullivan K, O’Sullivan L, Campbell A, O’Sullivan P, Dankaerts W: Towards
monitoring lumbo-pelvic posture in real-life situations: Concurrent
validity of a novel posture monitor and a traditional laboratory-based
motion analysis system. Man Ther 2012, 17(1):77–83.
51. Gelalis I, DeFrate L, Stafilas K, Pakos E, Kang J, Gilbertson L: Three-
dimensional analysis of cervical spine motion: reliability of a computer
assisted magnetic tracking device compared to inclinometer. Eur Spine J
2009, 18(2):276–281.
52. Assink N, Bergman GJD, Knoester B, Winters JC, Dijkstra PU: Assessment of
the cervical range of motion over time, differences between results of
the Flock of Birds and the EDI-320: A comparison between an
electromagnetic tracking system and an electronic inclinometer. Man
Ther 2008, 13(5):450–455.
Millan et al. Chiropractic & Manual Therapies 2012, 20:23 Page 17 of 18
http://chiromt.com/content/20/1/23
53. Bogduk N, Mercer S: Biomechanics of the cervical spine. I: Normal
kinematics. Clin Biomech 2000, 15:633–648.
54. de Koning C, van den Heuvel S, Staal J, Smits-Engelsman B, Hendriks E:
Clinimetric evaluation of active range of motion measures in patients
with non-specific neck pain: a systematic review. Eur Spine J 2008,
17(7):905–921.
55. Lehman GJ: Biomechanical assessments of lumbar spinal function. How
low back pain sufferers differ from normals. Implications for outcome
measures research. Part I: kinematic assessments of lumbar function.
J Manipulative Physiol Ther 2004, 27(1):57–62.
56. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement; www.prisma-statement.org.
doi:10.1186/2045-709X-20-23
Cite this article as: Millan et al.: The effect of spinal manipulative
therapy on spinal range of motion: a systematic literature review.
Chiropractic & Manual Therapies 2012 20:23.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Millan et al. Chiropractic & Manual Therapies 2012, 20:23 Page 18 of 18
http://chiromt.com/content/20/1/23
